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SUMMARY CHARACTERmSTICS

I NTERIh'_ CONCEPTS

2 STAGE - 120 N. PARALLEL

GLOW (MLB) - 5.042 _RMs
BLOW (MLB) -3.970 NUMBER - 5/2
STAGING VEL (FT/SEC) -6742 THRUST MOTOR (MLB) _1o328
STAGING q-lST STG (PSF)-240 )DT&E ($ B) -6.551

AVERAGE RECURRING/FLIGHT ($M)- 32°4
2STAGE-120 N. TANDEM

GLOW (MLB)-5.358 SRMs
BLOW (MLB) -4.233 N UM BER _5/2
STAGING VEL (FT/SEC) -6588 THRUST MOTOR (MLB) _[o328
STAGING q-IST STG (PSF)-240 DDT&E ($ B) - 6o7i2

AVERAGE RFCURRtNG/FLJGHT ($M)_ 35,,I
1 STAGE - 156 IN. TANDEM

G LO W (M LB) - 4. 759 S RMs
BLOW (MLB) - 3.763 NUMBER _ 3/0
STAGINGVEL(FT/SEC) -6235 THRUST MOTOR(MLB)-2o14

STAGING q-IST STG (PSF)-40 DDT&E ($ B) -6°373
AVERAGE RECURRING/FLIGHT ($M)_32o5

®
k 229 _

©

©
_oo _ _
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SUMMARY CHARACtERiSTICS

GLOW (MLB) - 3.694
BLOW (MLB) -2.569

OLOW (MLB)-1, o125
ORB (DRY) (KLB)-0.170
STAGING VEL (FT,/SEC) -62p0
LNDG. sPa* (P/L OUT) (KT)--1i7

2-1/2 STAGE - PARALLEL

j WING LDG (REF AREA) - P/L IN (PSF) -63.3

i T/WORBtTER(LB,/LB) -1.34T/W LtFTOFF (LB/LB) -1.38
I TOTAL PROGRAM COST (,$B)-9.755

PEAKANNUAL FUND ($B) - ,,972AVERAGE RECUR_iNG/FLIGHTf$M) -4°77
2-I/2 STAGE - TAt'qDE,_,

WiNG LDG (REF AREA) - P/L IN I,PSF) -63,3
T,/W ORBITER (LB/LB) - 1.27
T/WLIFTOFF(LB/LB) -1.35
TOTAL PROGRAM COST ($ B)-10°i44
PEAK ANNUAL FUND {$B) -1,021
AVERAGE__RECURRING/FL!GHT ($M) -5oi6

2-1/2 STAGE - TANDEM

t WING LDG (REF AREA) -P,,'L iN (PSF)-102.3

I T/WORBITER(LB/LB) -1.40
T/W LIFTOF.F (LB/LB) - 1.50 o
TOTAL PROGRAM COST ($B)- 9o87,.,
PEAK ANNUAL FUND ($B) - .956

I AVERAGE RECURRING/FLIGHT ($M) - 5®54

GLOW (MLB)-3;036
BLOW (MLB) -2°040
OLOW (MLB)-0,996
ORB (DRY) (KLB)-0,i23
STAGING VEL (FT,/SEC) -6000
LNDG. SPD* (P/L OUT) (KT)-124

*ALL PAYLOAD-IN LANDING SPEEDS ARE 150 KTS

5

208

grg

GLOW (MLB)-3.320
BLOW (MLB) -2.249
OLOW (MLB)-1.071
ORB (DRY) (KLB)-0.171
STAGING VEL (FT/SEC) --6100
LNDG. SPD* (P/L OUT) (KTM117

":I FINAL CONCEPTS

:ii
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SUMMARY CHARACTERISTICS

INTERINk CONCEPTS

2 STAGE - 156 IN. TANDEM
GLOW (MLB)- 4.665 SRMs
BLOW (MLB) - 3.594
STAGING VEL (FT/SEC) - 6644
STAGING q-lST STG (PSF)- 240

i STAGE- 120
GLOW (MLB)- 5.826
BLOW (MLB) - 4. 755
STAGING VEL (FT/SEC) - 6252
STAGING q-IST STG (PSF)- 280

NUMBER - 2,/I
THRUST MOTOR (MLB) - 3ot5

DDT&E ($ B) - 6.536

AVERAGE RECURRING/FLIGHT :M-_
IN. TANDEM

SRMs

NUMBER - 9/0
THRUST MOTOR (MLB) - 0°875

DDT&E ($ B ) - 6,,423

AVERAGE RFCURR!NG/FL!GHT ($ M) -39,,0
1 STAGE - t56 IN. TANDEM

GLOW (MLB)- 5.173 SRMs

BLOW (MLB) - 4. 102 NUMBER - 4/0
STAGING VEL (FT/SEC) - 6263 THRUST MOTOR (MLB) - t.745
STAGING q-tST STG (PSF)- 40 DDT&E ($B) - 6.512

AVERAGE R_.Cu_RING/FL_L_Hj ($M)-34o0
2 STAGE - 120 IN. TANDEM

GLOW (MLB)- 4.924
BLOW (MLB) - 3.853
STAGING VEL (FT/SEC) - 6643
STAGING q-IST STG (PSF)- 240

SRMs

NUMBER - 5/2
THRUST MOTOR (MLB) - 1.328

DDT&E ($ B) - 6,452

AVERAGE RECURRING/FLIGHT ($M)- 35°2

,¢e7>,

_< 230 H

k-



SUMMARY CHARACTER SST[ CS

FINAL CONCEPTS

is7 GLOW (MLB)- 4.467
BLOW (MLB) - 3.381
OLOW(MLB)- 1.086
ORB (DRY) (KLB)- 0.217

STAGING VEL (FT/SEC) - 7,480
LNDG. SPD* ___L OUT)(KT)- 122

2-I/2 STAGE

GLOW (MLB)- 3.339
BLOW (MLB) - 2.269
GLOW (MLB)- 1.070
ORB (DRY) (1<LB)-0.136
STAGING VEL (FT/SEC) - 6,000
LNDG. SPD* (P/L OUT) (KT)-- 120

t-1/2 STAGE
GLOVV (MLB)- 4. 101
BLOW (MLB) - 0.0
GLOW (MLB)- 4, i01

ORB (DRY) (KLB)- 0.32'0
STAGING VEL (FT/SEC) -18,300
LNDG. SPD* (P/L OUT) (KT)-135

2 STAGE - PARALLEL
WING LDG (REF AREA) - P/L IN (PSF) - 56.8
T/W ORBITER (LB/LB)- 1.32

T/W LIFTOFF (LB/LB)- 1.39
TOTAL PROGRAM COST ($B)- 9.848
PEAK ANNUAL FUND ($B) - !.868
AVERAGE RECURRING/FLIGHT_ - 3.80

- TANDEM
WING LDG (REF AREA) - P/L IN (PSF) - 69.8
T/W ORB[TER (LB/LB)- 1.31
T/W LIFTOFF {LB/LB)- !.37
TOTAL PROGRAM COST($B)- 10.tt6
PEAK ANNUAL FUND ($B) - (,972
AVERAGE RECURRI_FLiGHT($M) -5o69

- TANDEM
WING LDG (REF AREA) - P/L IN (PSF) -77.5
m/wORBITER(LB/LB)-
T/W LtFTOFF (LB/LB)- 1.30
TOTAL PROGRAM COST ($ B)- 7. 792
PEAK ANNUAL FUND ($B) - !.077
AVERAGE RECURRiNG/FLIGHT ($M) -7.25

*ALL PAYLOAD-IN LANDING .SPEEDS ARE 150 KTS

C_-2
DO 4537(1)



_o_.__
__c CONFIGURATION I FINAL

184 FT.

94.75F'E _-_

7L33FT

l

I
8|FI"

L

II. lPOO_T_"_- IL-r'.JSA,_£

m'RO?tlLA,_'T Z,_

II1_1$ST S_L. _

BL_ 5._'I

DRY _T__G_' _._

------AERO RET'.LGTH.146FT----_

I _._[,__c_Er_ •I I

/ I p/L 1 //_OR,ITER _- _i

_/,I : .i_ :I-_I_,/II
.;__c _ _ __ . _x____/

. I _LU_ "LVLO

I

GH-2
1)O4604 11
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DROP

'L

CONFIGURATION 2 iNTERU['4

r---- 8o_T i o_,T._R

2 _ `STAGE SRM -/ X-IS" STAGE SRM

•-----AERO REF LENGTH=I24.@ FT--_" 7

I

137 FT /

F'-_s_6op/L---1 /_

,,__L%4-"

f
0BO 2_° BO

GH-3

DO 4605

INTER.STAGE--

2-128

229 FT

I_rBO

• m..,_" 5,041

'_t,_ 2_00/_30 r_-_¢
u,_ 1.35

_T--_._Cfmcr_s 5 2

u_ 7.19 7,19

_,_ 470 _ 470 r__

_T I)IA .38 II_OI 38 lr_l,l

,SRM .120 IN. DIA_
I

..... t__--_---- _ _-_

2 "_ i_N

13

4-

i
LV LO

_S'_ _L _= 35:1) 415

_J_IC_ ,A.q0 150:1

U_t_ ORBITER 9,850 fl_

t_I_ ORBITZR 678 n_

:_ DROI_q'ANq< 26. 500
rr

t_ I_1DRO P'£ Ahq< 115

PROPEL. 19,650 U_

4

_ JTF-22B

1,071 m._

0_, v'tlr.mff 171tOt_ vO.U_ 59,900 ,

_CJp _O':,,C.VOI. .84



:!i

!

ORBITER _ _O FT --i

2-128 _

DI_OP TANK _ \-- { :
70.7 F T

3,320

WSTA__ _, 100

In 1.375

r_,em._ 1,79S

_:_ 11

"_'t $.L 415

z 35:1

m._ 2.248

re'f, ',_.,c_ -387

AEPO REF LENGTH-= 124-.6 FT----- 1

/
208.2 FT

1

t.- .... z.. _J, ,"( _

-_- _Z_--_:_-_-_ C_-- "_ _ • ,._ _/.

Io:ot t
OBO LVBO LVLO

_ 3

_: _SL Z-35:1) 415

_IN OP_ITE P 9,850 _T_

I._t tlt ORBITER 678 r_

&_m DROf_FAh-'_ 26,500

I_I_ DRO PTAN'K 113 mJ

PROPEL. 19,650 L_

1.11

4

_ _rr F-22B

c. _ r,aTa

_.¢_ 1.071

_&'YwEIGW't 171?mt.i. _a._ 59,900

GH-4

DO 4606 15
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17
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I
.......

4

GH-5

DO 4607

CONFIGIJR,ATJON 2C INTERIM

D#OP TANK(

Ill. ORIII '11[I

L _ m._".rO__.a 3,552 rt_

_" _m'& '_"/_ * _r./" 5,205

_ 14,250

¢ _ 888

"_- _:_ 909 _.Z

& _£_ 345

t. $_ _¢U:l[ 230

a _, 505

_. '_ _P 791 r_

_I m_ 395 {

r,_.r_=(SL r= 38:i) 415

i,O'zIll ORBITER 9,850 rr_

t_;tl ORBITER 378

_-_m DROPTAN"K 26,500 _

_m DROPTAN_z{ I13

_'_AZ. 781 P.,2

PROPEL. 19,650 L_

4

JTF-22R

t_

• llt_t.,It_l'rf.l'!_..ll<:li{_',l -

C. ¢_rlUi,t OAT,ll

lit C_l

I'CT_ v_

(x:c:,'rrPOT_w'_i.

1,068

168.6

59,900 _ll

.84

17



CONFIGURATION 2C FINAL

r AERO REF LENGTH=f24.6 FT_

I
: 137 FT

15x60 P//L  -LI
f-r--_iy_-. E/__L_

+ , _:_=_--==::-_-_-...._-_-_

• I OLO LV BO

OBO

524.2 FT

I
LVLO

GH-G
DO 4608

19

i

PROPEL.

'wPI

¢. ¢t_.AL I)ATA

_Y IrId_

'l_,/4. voter

_C_PROTA_ VO_

19.650

'4

JTF-22B

tS

1,066

168.6

59,900

Io
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_---_;_- CONFIGURATION 5 iNTERIM

_. V, UNCHV'_IC_ S_L C_I_I_R

VSTAG E _ FT_EC I. RE';P_-_Or_ ARZA 2,7_ FT_

El,_ I._ 2. TOTAL_LAN_Ga_ AR_ 3, _

4. _S£ _ FT_

l 70 FT _ 6. RUDER _c_ ,n "?

L_MSE_OF'_OTORS 2 1 7. SPEED BRAE 167 IrT2

:32 ORBITER w._,xS.Lm_USt )._ _ _ _ _o_o_
_T • -- t. _ rocr_T_N_

53 5 | _ I [_ _AX VAC "iI_RUST KL_ ),_ KLB
F T _'_J_BER )

J T3TALSTAO_W'EIGffT 7..]I_ Ki.B 1.1e-4c KLB I)':RUST (SL - _'_..|) 4i} KL_

-i _ ca_AnC,LE 0 _.'GRE o _z(;R_ DCP^NsIONrAnO _z

I _!_BAL AI'._GL_ 0 D_GR_ 0 OEGR'_ Z. ASC_'T PROPELLANT, tO2 IN DROPTANK 9._0 FT_

_OZZI_OIA "_ INCH _ t_c_, LO2 IN D_,O_T'_NK 674.5 KL3

?HRO.r_TOIA _I.) IRC_ }}.3 _A_ U_2 ;N DROPTAHK L_._!] FT"3

LH_ IN OROPTANK 11_.5 KLB

TOTAl. /57 KLB

239 FT

AERO REF LENGTH 109 FT

- 120 _(" = 2 STAGE

I _"------15X60 PlL------" I SRM

/ -1-1 I F_s_:n
I "_" IF.... _ / L 'NTERSTAGE_-............ : DIA

- I

I i _ _ !,o_T ,_ "
2ND I21FT -'j OLO SRM OBO\ I"N BO IGN

OlA BO _-'D/T u LV
LO

GH-7
DO 4609

21

). O_PS tEL ACPS

G_PS ENGII_S:

M'_CER 3

TYPE RL'[O

•o_ _ _ _._ t_

u_t z._ _ _._ to

_I, AIR_REAI_ER [_v!_

TY_ J,'T-_ZB

I_J_BfR 4

$P-4

C. GE"FEPALD.e.TA

_(TM, I.v'_ KI8

DRY 'l_.IOl'ff "_D_.5 k't_

TOTAl VOLUME _Z,_O FT3

OCC_JPtTOTAL VO,L .8|

CN'ff AN_L_ 10 DEGRE

GIM_AL A_CA_ ",]._ D_GREE
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CONFIGURATION 5 F NAL

i,

/'

/

163FT

70 FT

F
53.5 FT 7 ! F"T

I. LAUNCH V_ICt_

OLC_ 3,T_ I(Lg

VST._._ _,Q_) rT?.4EC

T/W 1._7

PRC_ EU.A_ I./?_ KEE

I_AIN ffOC_'T ET,'_IN_'S

BLO'_ ?.,._ 2 KL8

t---A_.REff LGTH. tO9 FIT_

, 120 FT

I5 F"f;?: FT_

,._>.;_'_-. ,'- - -----_- ---'--_i

DROPTA_K I !

J ._IFT."
OLO DIA. OBO

I
I

LVBO
-- 33GFT

T

LVLO

GH-8

DO G10 23

Ill, ORBITER

_. A[ROOYT_/_,_IC

1. RE_PI.A_ORM AREA _t.t'Z_ F't2

2. TOTAL PtAN_O_M ARC.A 3. _ E'r2

3. YtETI_{)AREAE'XCI._M_S_ I0._0 FF

, 4. _ASE _ F't2

6, RUDDER _ Fr_

7. SR_O _RAK_ 167 r'-i2

8, UPPER nAP _6 F'T?"

_, LO'A'[R FEAR _E; FI"2

I,,_ IN DROPTANK I|'_.}KU_

TOTAL _ KEg

). O_RS INCl.ACP$

_U_MB_R

l_tPC RL-IO

_.o# _.Fr s tz._ te

TYPE JTT-_

N'UM_ER 4

C, CE'I_RAL DATA

GL_ I,_'/_KLB

ORY WEIGHT 1_.5 KLB

TOTAl. VOEUM[ _._ FI ''3

_CL'P/TOTAL MO_.

MAIN E"NCI ME

CANT ,'_NGLE lO D[CRE£

GI_4BAL A_'GLE *].D D_GRE(

REV. A
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CONFIGURATION 5D INTERSM

q_

:i ii

;1

q::ii

/

I. LAUNCI'I',",_IO,Z

GLOW 4.9_4 k'LO

VSTA(_ _. ,_'6, _ ET/_C

fl. BOO_ER - SR_ -I_OSTAGE

70 F'T

P_JM_ER OF_,_OTORS

DIAh'_EI_R

i 32 ORBITER

58.2 FT _ 5 112 _AXS.L._-m_ST

I _x VAC ,'_.,_USTF T TOTAL STAGE I'FEI_Ci'

i r._ ANCA_GItABALA_

I " MOZZUEDIA
THROAT OIA

ld STAGE I_ STACE

2

?.19 T.l?

1.3_ _ - .V,LB

_._ KL_

Z.&_)_KLB t,_ k'l.B

0 _GR_ O I_.G_c"Z

0 [_K_Z 0 _GRZ[

I1_,5 IPEH I16.._ INCH

_CH )_ I _C_,,

ill. OR'HI,'Z_

A. AERO'0Y_A_II C

|. R_ PLA_FOR:MAI_EA 2._ F12

;_. TOTAL PL4_FOF'J_A_'_,.A _. _.'.,oFT2

). be'TED ARr_ EXCL _.._SE ]0._ P_

_. FIN 7'3 FTZ

6. R'U_,DER _ FI2

7. SPE_O 8RAK_ 1_'

$. UPPER FLAP _ F1Z

9. LOV_.R FlAP _ pT2

|0. EI.E'VON _

B. PRO,oU_ ION

L _,_I_ ROCKET ENGI.N_.

N_JM_ER )

THRUST (SL - _,ll _ K'._

EXPANSION RATIO 9'>.l

2. ASCENT PROPELLA_

LO2 IN DROPT,%_K _._0 F'I3

LOZ IN OROPTA_CK 674.5 k'L)

LH2 I_ OROPTANK _._

U{_ IN DROPTANK |IZ.) R'LB

TOTAL _l _'_6

225 FT

F'----AIi-_ ERO REL LENGT____HI09 FL 120 FT "]

[ I i.

j l t h21P'T OLO SRM OBO N

DIA, BO _D/T

!i
BO

2 STAGE

SRM S-Z

IGN
LV
LO

), _IP<J tRCL ACPS

h_JMS_R )

PfP£ _-I0

LOz: _ n3 _z._ LB
U_Z:'L_ _ z,_o LB

4. AIRBREATHZR EI_IES

TYPE J'rF-_:,'_

_J,M G_R 4

JP.-4

C. C_"NZ'T_Al I)ATA

OLOYY,, l,CrO KL8

I}Ry I_iGRT 1_,5 _8

TOTAL VOtU_ _,_ FT1

OC O.,'PfTOTALVO_. ,BI

C._NTA_Gt_ 10 _GRE

GH-13

DO 4615 29



CONFJ GU RAT_ ON 5C i NTER_ _A

OH-11

DO _613
31

I"t_ _"dO

C, G_AL OATA



V2_ W_2_

zor6 .L/(3 ._ Zo_

h:O_*_m_OOd' . 1

II

03A3

_HC JJl_,L_{)

"T S 1f2_[_;; l [

,;',T"_dO_d 9._ I "__ 9't_|

1, i

f,r-("I ,_/J.

I.I91£

0"_ VW3,L:IZZ

_L'66

1VNI3 O{ NOIIV_fiOI-INO9
_L

_!:ii>

_ _ _ _ _



CONFIGURATION

I i_ z,6 rT
AERO REF LENGTH 14"6 FT

178 F'T

t

DIA 149,6

H. C_l_tt

A, A[ROOY_I C

z. Rg:PLA_Or-._AREA 4.m_ n _

4. BASE L_ _Z

_. I!,UDDER _,4 fI z

1. SPEED BRAN'[ _ r_

$. UPPER _!.AP _,_ _Z

9. I._'ER FLAP 1.0_ Ff_

_.0. E'LrVON 5_3 F1z

_, PRO_UtSIC_

]. _A_N ROCKETEN_I_

_PA_ION RATIO 5_]

Z. AS_ PROP?dJ',_

LOz IM,OR_I_ I_J,o KLB

tO_ IN DRO_A_,._ 7._'J.I KLg

I,_Z IN OR:HR_ _.l _B

TOTAL _,_

_. _PS I_ ACPS

TYPE

_. r.._EPJd. DATA

OCC_PITOTAL VOL .._

_1_ _ll

CA_ A_LE @ _t_

GH-14 35
DO 4616
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Q

i svsEM
iSSUES

]
P/L BAY

:! LENGTH

]

EXTERNAL
TANKS

SRM
:_ STAG ! N G

I
:_ i

!!
'i
!i SRM
:'_ SiZE

!
_i CONFIG-
:_ UP_.TION

!
!

c'_!3

_ONCEPT
I NO.

5B

5C

2C

5D

5B

5

5A

5D

5A

5B

5D

5

2

2C

WEIGHT CONSiDERATiONS

GLOW

FINAL

3,339K

A = 303K

3,036KFINAL

3,694K

,_6.= 355K

j 3,339K

ISSUES SUPi;::_iR_Y_

/[",_ ' "

I OR_ (DR'Y) TANK t_R_

50.4K

= 3.4K

47.0K

33.1K

Z_=t7..3K 1

50.4K

136.5K

= 13.6K

122.9K

170.4

A= 33.9K

136.5K

_=0

A 0

ii°0
170.8K

= 0.4K

170.4K

15,173K

= 508K

4,665K
INTERIM

5,826K
= 902K

4,924K

5,826K
= 653K

5,173K

_NTER!M
4,924K--

= 259K

4,665 K

HNAL

A = 374K

3,694K

A=0

A=0

17.1K
=!6K

33. |K

_m- CONSIDERATIONS

o UNACCEPTABLE REENTRY HEATING
FOR 40-FT SAY
MODEST _M?ROVEMENT IN COSTS
AND "_' _" BAY_:_C-,_._S FOR 40-FT

o SENSiTiViTY A M_NOR CONS!DERAT_ON

HO TANK DECOUPLES ORB!TER FROM
STAGING AND ASCENT VELOCITY

FOR ;40 TANK
e LOWER F_ :U?.?.!NG COST FC'_ H TANK

SINGLE _" _ __r. __ ,_OMPLD-,
e T',,VO-STA! HAS Fi_GH Q (= 2_ L_/

UNIT SEPARATIONS

m

!56 _N, D_A ALLOWS F£WER SR_-I_
e t_ IN. R ,SULTS iN LOWER

GLOV7 AND TOTAL PROGRAM
COST

e 156 IN. PRESENTS LEAST COMPLEX
STAGE D[ _GN

e S_MPLER sEPARATiON FOR TANDEM
GREA| _R COr<MONADTY _;ETWEEN

6_

.!

|

60-FT BAY !

HO TAN K

.

SINGLE
STAG5

INTERIM AND #_NA_- F,.,_ ..............
_¢ "_' _ _'_COS]S AND _ "_' _ _ '_t_'-

37



ISSUES SUMMARY

SYSTEM

_:!i] ISSUES

i

i!
i SRMsIzE

!

P,/L BAY
LENGTH

CONCEPTS COMPARED

60 FT BAY

@_I STG-156 IN_'_.40 FT__ _-_7_'

EXTERNAL
TANKS

SRM
STAGING

CONFIG-
URATION

CT_-IO
r_ hg_] fl_,

2 STG-t56 IN.

i STG-120 iN. 2 STG-12g iN.

I STG-120 IN. I STG-156 iN.

2 STG-120 IN. 2 STG-I56 IN.

39

6.5i2

A=. 139

6,373

6,712

_.= ,260

6 °452

6.512
A= ,024

6. 536

6.423
z_= .029

6.452

6.423
A= .089

6o512

6.452
A= .08-¢

COST CONS _DERAT_ONS

.972

Z_= =0"t6

•. 956

1,02i

A= .0_7

.976

,972
,_= °005

,967

.987
_= .0i]

.976

6.536

6,551

&= .161

6o7t2

• ,967

,972

A= ,04.9

i o021

!0. ii9

9.755

A= ,3S'9

I0,_44

5.69

A= ,25

5.54

34,0

t.8
32,2

39_0
3,8

3502

39,0
5,0

34,0

35_,2
3.0

32°2

32.4

2°9

35°

5o16

5°69

5,68
_=0

5_68

4.77

&= _39

5.16 "
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q

i!i1
!!

)]

!i

:i! CB-6
DO4551

65K 22° 1K

65K 19.8K

65K 19.9K

65K 15,5K

I
I

65K

65K

65K

_V

65K 14.7K

25K "_ 25.5K

*3 BOTTLES

I ,086K

I ,071K

1,125K

1,071 K

996K

4,101K

I

N/A N/A

403K 2,433K

428K 2,584K

292K 2,093K

690K 4,065K

51 7K 3,585K

390K 2,351K

475K _ 3,288K

N/A N/A

N/A N/A

t61K 973K

188K 1,033K

163K 1 ,,046K

N/A N/A

N/A N/A

172K 940K

N/A N/A

N/A N/A

N/A

5,_,2K

5,358K !

4,665K

.[

5,8_6K '

5,173K

4,924K

4,759K

N/A i

2 STG-|20 IN.

2 STG-]_ BN.

.2 $_G-_55 IN.

$TG-156 iN.

2 STG-_ _N.

I $TG-Iz._5 IN.

>

**i.O_,, M!SS SIZES VEH; EQ!,JW P/L DUE EAST" [:_,<.EcDS"'"""" _.:,_:'__....

:]

i1
_ _%- SUMMARY WEIGHTS: INTERIM CONCEPTS

ii / /° '.• r / ._(_" /<_. ; /,6-., _

/ _ / _9
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•iil

_ PERFORMANCE SUMf_ARY: FINAL CO_,]FIGURATiON

CRITICAL
MISSION
REQUIREMENT

FINAL

---b

--3

--_®_

I

I

IN
mo/
55

1.32

J •

29,98O

o"

300 I. 37

i ,
! __

] .3!

t.4

1,500 I,_

3

!

i

L ?

23,265 18,3_ t

_2, i50 i 7:4_ 25

i_o,9oo 6,_oo ,_,, ! 5_o I

_o,?_ _,_oo I i i 5zo

i i •, I t I-

_ ,

:i] JET-4
DO 4565

47
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37ZZQN

a3XI=I

_8

03X14

E8

G3Xh:I

i G3XI:I

i

9

3]ZZON

I

0LZ_

0Z_g

i
I 0ZZ_

_oo_ :_g[_/L L

QFOO"z _SL_/L L

8,=OOf,' _L'_/L L

P_/°ON
S3NR©N_

ISSl !3_DO_

6_

i

_.=/c

...... i

I

I

33ONV,/'ON
7V_WP9
-37ZZON

O_Xi-I

00Z9 8_gM"

06

a_xi_
06

0809

• 0809

8_88_

£_glz

OgL 0889 8_68_

9

FIZZON

0_89 £:r-6g_'

0889 £v-6g_'

9DA$1

®

, O + N"-_

®

_/_ _:::::_'_

L c
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.'.'.4

Z_

:ii

.'.d

I,I00

i ,700

1,500

I ,200

I, 300

-25,000

-43,000

-35,000

-28,000

-31,000

CONFIGURATION SENSITIVITIES

/ ,@,, /._C/_

NO INTERIM

I

(TBD) j

(TBD)

-21,000

-27,000

-24,000

-22,000

4.0

5,,0

4.0

4°0

4.0-21,000

NO _NTER!M _--

I °

23

3O

27

25

i _OOS,_c_, 2 'JANi, q._ 3 ORBITER

29

37

33

3O

31

b.

2 STG-]20 iN.

2 STG-120 _N.

2 STG=I36 IN.

.. __---'_:--_,: __
1 STG-120 IN.

S_G-156 IN.

2 _TG-_, _N

1 STG-156 IN.
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:ii

i_I

FINAL

CONF i GU F._:;_iON ;_!!;NS ITtVtTIES
" ' ' " L

• I

o

L-H+O

630

700

700

1,385

9O0

59O

-19,000

-10.000

-I0,000

-11,000

-24,500

-25,000

-24,000

-19,000

-9,000

-40,000

-i5,000

9.4

3.0

3.0

4.0

I

2.0

10.7

! BOOSTER 2 TANKS 3 ORB,_-=__,_
53

• t

- - 42

27 34

27 33

!.

22 28

18 22

- i 26



i

@

O

@

O

O

O

O
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O

Q

JD-4
DO 4620

COSTING GF 0UNDRULES

MAIN ENGINE PHASE C/D GO-AHEAD OF 7/71

ORBITER PHASE C/D GO-AHEAD OF 4/72

BOOSTER PHASE C/D GO-AHEAD OF 7/72

INTERbV_ SYSTEM FMOF OF 9/78

INTEPJM OPERATSONAL PROGRAM _S 3 FLIGHTS/YEAR FOR 4 YEARS I VARIED FOR CONF_G. 5B

ULTb_.ATE SYSTEM FMOF OF 9/82

ULT_?C_ATE OPERATIONAL PROGRAM _S 4.45 FL_GkiTS OVER _0 _'E_"_

ORBITER F'_RDWARE INCLUDES 2 FLIGHT TEST VEI'I_CLES AND 3 PRODUCTION VEKICL_S

BOOSTER HARDWARE _NCLUDES 2 FL_GI-_T TEST VEH_C_S AND 2 PR.ODUCT_ON.VEF_CLES

NO BOOSTER/ORBITER COMMONALITY EXCEPT FOR h/_IN ENGBNE

COST ESTIMATES INCLUDE MAiN ENGINES AND FACILITIES

COST ESTIMATES DO NOT iNCLUDE FEE

COST IN 1970 DOLLARS

ALL SYSTEMS COSTED TO GROUNDRUL_S OF TECHN!CAL DiRECTiVE NO. 3d:)0"_

_a
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C

_ _r CON :_L_,_TION 1 PROF(LE

2.0

1.8

1,6

"-" 1.4V'3

Z
0
.,,J

-- 1.2

v

10
If) •

0
U

< 0.8

Z
Z

0.6

72 73

• :' f .

i

]

• 2̧

/

r/
/

CONC_,i_,RF,.NTL_':ELOP_.NT FUND_l',]O

TWO-STAGE FULLY EEUSA}',!.E SYSTEM

TOTAL PROGRAM

$9.4c_. B

1
t

1

COST:

OF'ERATIONS

85 _6 87 88

0.4

0.2

0
74 75 76 77 78 _ 80 81 82 83 84

FISCAL YEAR

JD-5
DO 4639(1)

61



L8 _8 18 08 6L 8L
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CONFIGURATION 5B FUNDING <CASE IZ[)

2-1/2 -STAGE SYSTEM

FMOF 1 = 9/78 FMOF 2 : 9/83

1.2 __

5 YRS, 15 FLTS
1.1

1.0

o913 FMOF 1

FMOF 2

TOTAL

PROGRAM i_COST
= _10,,218 B

I 1
1

0.9

....0.8

Z
00.7
,_J
...J

0.6
v

I-,=
0.5

O
U

0.4

0.3

0.2

0.1

0
72 73 74 75 76 77 78 79 80 81 82 83 84 ,85 86 87 88 89 90 91 92 93

FaSC,_,L YEAR

GS



i:i . &__G ¸

FMOF

1.0

0.9
I

CONFIGURATION 5B FUNDING (CASE ZZZ}

2-1/2-STAGE SYSTEM

= 9/79 FMOF 2 = 9/83

FMOF1 [ [
t

FMOF2

[
TOTAL

PRO GRAM
COST

= $10,, ! ]6 B

J'D- Z2
D04654(1)

0
72 73 74 75 76 77 78 79 80 8| 82 83 84 85

FISCAL YEAR

6"/

86 87 88 89 90 91 92 93



:2

!I

ii

2_4

2.2

2.0

1.8

1,6

Z
0 1.4

.
...J

1.2

I--
v-, 1.0
O
U

o8

.6

.4 r

21

72

i

73

jD-7

IX) 464i (1)

I

f

7#

SHUTTLE FUNDING COMPARISON

|

/i

75 76 77 78

-$1.077

79 80 81 82

l

' i

1 I,/2-STAGE I

$_o02i iNTERIM
CONCEPTS

1
I
I

83 84 85 86

FISCAL YEAR

TOTAL PROGRAM COSTS _
TWO STAGE $ 9.848B
I-1'/2 STAGE $ 7,,792B
INTERIM $I0o 144B HIGH
CONCEPTS $ 9.755B LOW
(PHASED)

i

87 88 89 90 91

I I

Jr--_

t
92 93
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EFFECT OF EXTERNAL TANK SELECTION ON SYSTEM

PARAMETER

CONFIGURATION

COMPARATIVE DATA COMMENTS

BOTH ARE TANDEM CONFIGURATIONS.

ORBITER

BODY LENGTH (FT)
DRY WEIGHT (KLB)
INTERNAL PROP WT (KLB)

EXTERNAL TANKS

SiZE DIA, & LENGTH (FT)
DRY WT (KLB)
PROP WT (KLB)
DEVELOP COST ($M)
DEVELOP SCHEDULE

TOTAL SYSTEM

INTERIM GLOW (MLB)
FINAL GLOW (MLB)
TOTAL PROG. COST (.$B)

PEAK ANN. FUND (_ E_)
INTERIM AVE. RECUR. ($ M)
FINAL AVE. RECUR. ($M)

137
170.4
720

22X 110
33.1

116.7
181

5.358
3.694

10. 144
i .021

35° l
5.16

120
136.5

16.7

21X 124
50.4

786.6
210
+9 MO.

4.,924
3,,339

10o&_
.976

35_,2
5°68

HO TANK ADVANTAGES iNCLUDE:
o DECOUPLES ORBITER FROM STAGING

AND ASCENT VELOCITY(REDUCES
PROGRAM, RISK)

® LOWER PEAK FUNDING (.98 VS I_0251

SMALLER AND LIGHTER ORBITER

(AS SHOWN)

SLIGHTLY LOWER DDT&E COST (6.45 V_
6.77 $B)

H ONLY TANK (LARGER ORBITER)
ADVANTAGES INCLUDE:

SLIGHTLY LOWER WiNG LOADING
(63.3 VS 69.8 PSF)

o LOWER RECURRING COST (5°2 VS 5o75t

SMALLER (22 FT X 110 FT VS 21 FT X 12

Q SLIGHTLY REDUCED (BY 9 MOS) DEVEL
SCHEDULE = NOT A DRIVER

IMPORTANT BUT NON-DRIVING FACTORS
INCLUDE

GLOWs,PROGRAM COSTS AND SENSITI

e LANDING SPEED
150 KT - BOTH VEHICLES FOR P/L IN
117 KT - H AND 120 KT - HO FOR P/.

e NO iMPACT ON DELTA BODY SHAPE
(SCALEABLE)

0
FT)

DR

/ITIES

OUT

CB-12
DO 4634(li

?3
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ABORT PHASES DURING BOOST_R_ ASCENT

Abort prooed'-_u_eoptions are shown based on the _c_o-_d-one-ha].f

sta_e interim system t_-ajectoryan_ ,_:_o_n ....c_,_.___,__--_o__

the orbitor,
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O
O

c_
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.2

F-

,_J
<

gAD-5
DO4584

16

12

8

4

C
0

ABORT PHASES DURING BOOSTER ASCE_,_T

2O

5B INTERIM SYSTEM

ORBITER LAND AT ALTERNATe

FIELD OR DITCH IN, OCEAN "-------i'_'_
-(FUNCTION OF LAUNCH AZ]MUTH)_

THRUST TERM!NAT_ON
SEPARATION - C)R_]TER
FLYBACK TO LAU_qCH
S{TE BASED ON 8 MiN,

A,/B FUEL

O RE)]TER FALLBAC K

CREW RAPID EGRESS

(EJECT ON SEATS)

= 75 PSF

4O

/

i _ OR COMPLETE -

STAGING

_q = ]36 PSF
r

oz0 _-.....

TIME FROM LtFTOFF (SEC)

;_ 81
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•!]

:I

_ii!!

L:i!

i

! /i-
T
]

24

2O

16
o
o
o

r-,-,

._ 12

F'-
•-'J 8
<

4

0

JAD-4

DO4583

I
I

2O

ABORT PHASES DURING BOOSTER ASCENT

5B: FINAL SYSTEM

I
L

ENGI NE SHUTDOWN
COAST TO APOGEE
SEPARATE AT LOWER
DYN. PRESSURE-ORBITER

FLYBACK TO LAUNCH

SITE BASED ON 8 MIN.

A/'B FUEL

-- ABORT TO
ORBXT OR
COCMPLETE
MISSION

q = 25 PSF

STAGING

= 60 PSF
l

ORBITER FALL BACK
r" rCREW RAPID _'GR_'SS

EJECTION SEATS

L i
q = 34 PSF

40

I

qMAX = 455 PSF

6O 80 100 120

TIME FROM LIFTOFF :(SEC)

140 ! 60

83

ORBITER LAND
AT ALTERNATE

_'IDF_:_ OR DITCH
IN OCEAN

FUNCTION -

OF LAUNCH
AZIMUTHS

I
180 2c_"
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DROPTANK DESION AND COST ICOMPARISON

0

o OBJECTIVES

DESIGN COMPARISON

- ASSUMPTIONS

- DESIGN DESCRIPTION

!"

/

Q

- WEIGHT COMPARISON

NORMALIZATION

- NORM. ASSUMPTIONS

- ADJUSTED WT. STAT_V_ENT

0 PROGRAM COMPAR_SON

- ASSUMPTIONS

- PRODUCT. COST
COf',,_PARISON

0 NOR.VIALIZATION

- NORM, ASSUMPTIONS

- ADJUSTED COST

e COST COMPARISON

!

JFH-I

D04279
85



ii!!_

_ _..-_- -DROPTANK CONFIGURATION SUMMAR,

/!i

ii

]

i!i,

ql

,/

82'

II 'V

14'-_

÷
I

86'
I

I
I

FT3- 10,433
LB - LH 42,253
W iGHT2-!8,571

LOCKHEED

i ,

85"

102'

L

88'
I05'

I
I

I
I
I
I
I

_-21.5'

13,666
56_660
1!,05°

12,804
50,600

28,500

1__,860
22,491

GRUMMAN NAR MDAC

i
l

BASELINECONF 'B'
LM S C- A990949

FINAL REPORT
jFH-3

D04248(I)

CONF_GH3-3
NASA/MSC REVIEW

28 APRIL 1971

87

NASAI_vISC
!2 MAY

R_V_EW
197i

NASAIMSC REVIEW

25 MAY 1971
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DESIGN CRITERIA & DEFINITION COMPARISON

CRITERIA & DEFINITION LOCKHEED

N X = 3.0 g. (MAX BOOSTER ACCEIO,

ASCENT NX, Ny, N z Ny, Z = -_ .4 g. (I_MbX Q}

MAX PRESSURE ULT FS. - 1.4, 29 PSIA (ORBITER IGNITION)

TH EE?v_ L PROTECTION

RETROROCKET PARAMETERS

STRLK%'T URE TYPE

ASCENT/DESCENT

300 FPS-Z_.V

MONOCOQUE, PRESSURE - STABI.IJZED

l

N x = 3.0 + .25 (OM._, Ny = 0 _- .I, J
I

N Z = 0 ± 0.5, (END BOOST- BOOSTER) J
l

ULT FS - 1.4, 31 PSIG

ASCENT

MONOCOQUE, PRESSURE - STABILIZED

35PSIA ULTFS-].4, _ _IG

ASCENT ASCENT

300 FPS-_-V

MONOCOQUE, PRESSURE-
STABILIZED

1_ F_ -_V

MONOQUE, PRESSURE -

STABILIZED

MATERIAL ALUM P.219-TB7 ALUM 2219oT87 ALUM 2219-T87 ALUM 2.219°T87

JOINING METHOD WELD. BOND FUSION-'.NELO FUSION-WELD FUSION-WELD

SKIN, STRINGER, FRAME, POLYIMIDE

FIBERGLASS, - AFT END SKIN, STRINGER, I:RA_.E NONE

I
THRUST LOADS AT

TRUSS STRUCTURE A_ END

TELESCOPING THRUST STRUT, GAS GEN PISTONS

P'_,'RO ACTUATORS ON ORBITER

S_TY-,A SPRUCE NOSE DOME, ALUM

CONE, _NTEGRAL CLOSE-SPACED RINGSNOSE FAIRING

THRUST LOADS AT AFT END, TRUSS THRUST LOAD AT AFT CYL, TRUSS

TANK SUPPORTS STRUCTURE , STRUCTURE

SEPARATION SYSTEM GAS GENERATOR -OPERATED PISTONS GAS DEN - OPERJ_.TED P_STONS

SRM THIOCKOL TE-M.-.¢]6 OR LPC

JAVELIN SRM

SR_, FIVE 38-4,

RETRO PROPULSION SRM - DEORBIT, SRM - SPIN SEPARATION MOTORS

15 OPTICAL SENSORS FOR LIQU!D CAPACITANCE PROBE Vi_TH

INSTRUMENTATION LEVEL 12 SENSORS PT SENSORS

_

NOSE CAP - SITKA SPRUCE, NOSE CONE -

CORK, TANK CYLINDER - POLYU,_ETHANE NOSE CONE - FIRE)( 250, TANK CYLINDER SOFI - OUTSIDE TANK, FOA_V, WITH LOCAL

INSULATION FOAM, TANK SUPPORT - CORK POLYURETHANE FOAM CORK - ABLAT!ON AREAS OF ABLATOR

ENGINE BLEED - WAR._,,

PRESSb_IZATION SYSTEM ENGINE _LEED - _0°R, HYDROGEN ENG!NE B_EO - WARM, HYDROGEN HYDROGEN

14 IN. DIA FEED LINE, 6 IN. DIA PRESS

AND VENT, 2 _N. DIA REC_RCULATION

15 IN. FEED LINE, 2 IN. OtA

PRESS, 2 IN. D[A RECIRCULA-
TION

14 IN. DIA FEED LINE, 6 IN. DIA PRESS

PROPELLANT FEED SYSTEM AND VENT, 2 IN. DIA RECIRCULATION

VOLUME FOR ULLAGE

RESERVES & RESIDUALS 3 PERCENT

12 IN. DIA FEED LINE,
6 IN. DIA VENT & PRESS

2 IN. DIA RECIRCULA-

TION

6 PERCENT PROPELL

CAPACITY

JFH- 2
D04266
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!i

JFH-5

:] D04261(1)

DESIGN NORMALI ZATION SUMMARY

AS S UM PT[ ONS

INSULATgON FOR ASCENT ONLY
e I0% WEi GHT CONTI NGENCY
e NO SPIN SYSTEM

ITEM

DRY WEIGHT- (LB)

ORIGINAL

ADJUSTMENTS "

BNSULATION
CONT_NGENCY

SPIN SYSTEM

DRY WT - ADJUSTED

ADJUSTFD WEI GHT

LOCKHEED

8,571

-i,507
0
0

7, 064

GRUN_MAN

il, 0.58

•

+527
0

:FOR STATEDASSUt,_PT!ONS ONLY

NAR

0

O.
-60

MDAC

0

0
0

93



_:::)i1

4

i i!iii

'il
:!il

'4

h_

i

S_AC_ $_TTL_J

SYSTEM J

" L_..-O |

.__ SYSTEM 1
|NT[GR._TI_N

S_ ;.:"2 ; T

_'.-C1-01

PEG G "%_-_, "

k,V, N,AG E,v_ NT

l_,-.C 1 ...¢2

ORBITER

WORK BREAKDOWN STRUCTUR_

U'- 31"-[ ['_:No J

L_.-C_2.,.,C.1

4 ST'_L'CTL-'"E._ ]

t_--:2-C2

fP;'©P cL.S:Ct,,

L,.;-.C2.-G6

._ CREw STAT!O r'v'

P_SS. ,_SCO ",'.

,.,_-C,Z'-¢.7

F_GMTCOI'_T:O,L

L4'..C 2"C 8

_-_O., ASSY
& C/O

LX-22-IC

_._.-C2-11

k4-C2-12

TR.z-,m.. N G

A CC C _...,w'C ._,-_T.O N

L4-C2-14

[ ,,o_,_ Li- rGc,.'_-".,.'_,.:
P;C.F=ETY

&._-:.2-16

I,OOST-:_ ]

S"_ "__._S 'J

_TR_CI_

] t P,OP-:L_ON '1

L4--C3-C,,_

4C_E ..' STATIONACCO_ ]

FU..%hT ]CONTROL

.'j J'_'_" A_SY"I_ • C/O

14 %?° ]
L4-33-I0

L_ -C,,.3-Il

I,.,,i-C_ - 12

T",,.x,.;",. i N ,_ }

_ .-C_-'_$

_O ",'El ",; _,'..(N T

FL,g_,;S_--Z._

[ PRO PZ_ ,'FY

L4 -r,,3- |_

v, ANJ, O E_EN'_

I't rco,:jl 'lh_AIN [ AVIONIC.._ I TANKSENGINE , ,,I

I.A -O¢ b/,...0,_

i

O_E_TION$

L4-C4-_2

B

a c/o

GR©UND ]

bC.-g7--07

_?J F_,CIUTI_S

L_ -,07.-C,_

SYSTEM

SUPPORT

L4 ..._7-v'v,_

PROGRAM.

1.4-O7-1O

p INTEGL_,TIONL.4-:7.43 !

STR _ C T=, _:S.....r_:=_._::._ ! _ SRM'4

L4-07-.02 f _ -C F_-_O2

L4 .-C 7.-,q3

__=_ .... _ --4 _: J
:_._oj__4o.'-,=_.J _-,'_

" " " PROTECTION
it_ St r:..;,v,E N: _T IO N_,

---7 CONTROL

L4 '-'C,£,-C_

INSTRIdMENTATICN 1

t./.--C 8-07

]
L4-C_{;9

GROUNDTE._T 1

_'_-FACIHTIE,_ ]

L_ ..0.o_11

1_ sL-_c_t j
t LA-.,OB.-12

I [ _',_c,,_"-_,"

_""L M_kNA O EN'£ N_ .11

95



JFH-9
D04300

LEVEL 3

LEVEL 4

LEVEL 5

AI_;_AME J

|
i-ill=.=.=..,.._,

C*;:3100

--"E :3

S,..= :_CES

I $" :" 3200

I

=_ 3" i" _.20RE3CVERY

/ T_ER.4AL/
II ,"_=_T_'C//I

I C" 2;0_00

Cr_E_, PASS.

PR3, !S_ONS t

C" 2 T37'C,0 ,_

CE"

i 2" :" ,..,_00

F_ -'.-T

C3'%-ROL

S"S-E _

0'_ 5- ._C_

DE _-'_3 Y &

R5 "'_ EVAL

BAS! S FOR

]-

31020100 1

MAIN

ROCKET

PROP•

GAC-.COST_ NG (WBS)

7

1ELEC -EAt

TRANSPORT

I SECTtON

IVh+, 4
]

I O10000OO

=_.J

i °'_'_I
INSTLN AS, SY jL & CNECKOUT

q 010501EC ]

FUSE

j JOIN

0102020_

CRUISE

' I01020,300

q &TT CONTR;> ROPL;LS 0_

II 010204_-'C i
OMS

I

01030100
GN&C

01030200

_ Ol C,,4_I O0
P 0, ",,"E_I

GE'_

,_ a Ic4,_25x3

O_STR B

CCN_-TION.

& CC'%TROL

01030300 t r 01,_ 3,200
INSTRUM. HY _ = '_'L'LIC

SYSTE_

}i 31050200 ]

• %ATE R &

*%ASTE

MGMT

J 0105O300 1

r'
3RU_SE &

i gERRY FLT
ECS

ot c_0200
INSTLN

_._ 010_0300 ]
FINAL t

ASSY I

i 01030"300

i DISPLAYS & 1CONTROLS

01O30500 ]ELECTRONIC

SU2_S_ S

INTEG J

INCLUDED IN TANK COST

NOT INCLUDED tN TANK COST

s?



--=_ 13AS l S F0 R GAC-COSTi NG (WBS) (CONTINUED)

r

i

i •

t

JFH-10
D0430!

I
01070000

PAYLOAD

INTEGRATION

• I

I 010SOCO0
TEST VEIl

CONVERS!ON

._ 01090100

DEV/VERIF

TESTING

01090200 1
MODELS

01110000

_,_._,/s_t OR<,,TER
I_,'_oRdd,F'_l .ACILIT,ES
'-----T" ' ___.._..1

_{o,,oo,ooi _l ,SY3TEMS I

ANAL _- MFG I

INTEG ]

VEHICLE GROUND

DESIGN TEST

ANAL

i 01;00300 01110300

q MATL & j ANALYSISPROCESSES I

E_ INCLUDED IN TANK COST

NOT I NC LUDED i N TAN K COST

OZ 130_OO

MATL

MGMT

01131000

REPRO/TV

01131100

GFE

ORBITER

SYS SUPT

_J

,,_ 01120100
ANALYSIS

I'
l

--4 TESTc._s
S_JPT I_

II_MT__:.......!1
01123200 ]

MAINT &

RECURS

EQUIP

PROWSION _

_ '0',120500
P_OO.

_,_ 01120600 i

HDBKS

&

MANUALS J

TRAINING/

TRAINERS

L 01120800

.._ PROPELL

I &GASES

._ 01130100 I

PROGRAM

MGMT j

PROGRAM

PLANNING

& CONTROL

, r o 113030-3 4
CONTRACTS

ADMIN l

J Ol 13C400 i

CON_IG/

DATA

I MGMT

[ o113o_oo 1'
ENGRG

MGMT

J 01 lj0_0O 1

V,,FG

I MGMT

F 01130700

SUPTMGMT

01130_00 1
QA

MGMT

99



COMPARI SON OF PROGRAM COSTASSUMPTIONS

FUNCTION

TANK QUANTITIES- RDT&E

PRODUCTION

FACILITIES & EQUIP. COSTED

LOGISTICS COSTS

SPARES COSTS

GROUND HANDLING COSTS

TPS INTACT ENTRY

LEARNING CURVE % SCOPE

FEE

REWORK AND GROWTH

LMSC

6

450

YES

YES

NO

YES

YES

92%

10%

YES

GAC

10

445

YES

NO

4%

NO

NO

77%/90%

-O-

YES

NAR

6

445

NO

NO

NO

NO

NO

82%

-0-

YES

MDAC

10

440

NO

9

9

?

NO

85%

9

9

TANKS

SETS

COMMENTS

MDAC USE SATURN EQUIP

GAC IN ORBITER COSTS

JFH-6

D0442 i(i)
101



LO_,_Em=____=-_ COST C0M PAR! SONS AS QUOYED_,_nnr_!_,,

FUNCTION

RDT&E (TOTAL)

PRODUCTION

ENGINEERING

MANUFACTURING

PRODUCT ASSURANCE

PROCUREMENT/MATERIAL

MACH. & EQUIPMENT

PROGRAM MGMT

PYROTECHNICS

PROVISIONING

TOTAL PRODUCTI ON

TOTAL PROGRAM

LMSC

58,000

3,000

414,000

52,000

159,000

10,000

8,000

IN MFG.

646,000

704,000

GAC

33,000

1,000

I04,000

9

195,000

2,000

17,000

19,000

1,000

339,000

372,000

J',,,IAR

61 300
f

18,000

214,000

27,000

76,000

-0--

--0--

--0--

-0-

335,000

396,500

;_^i% A

89,000

U.]

r_
ILl

t)

530,000

619,000

V^ D_A ,'xi_"''- r_

]OTAL SYSTEMS

Tfc_ RDT&E PROD.QUANTI '-_-
FAC!LITIr_ & EQUIPMENT
LOGISTICS & SPARES
GROUND HANDLING
PROFIT & FEE
TPS
LEARNING CURVES
LABOR RATES

JFH-7
D04398

103



;j
__,- NORMAU ZATj ON WVISC-GAC {&_v_

i I

i;

d_

_i,li

I
4

FUNCTaON

PRO GR_M ADJUSTMENTS
QUANTiTiES RD'f&E

_ODUCT_ON
FAC|UTIES & EQUIPMENT
LOG_ST_CS,/S PARES,/G_ND HND LG
TFS ASCENT COF4F_G.

LMSC

t5

GAC

m

('-_5)

COh_NTS

_0 TEST TANKS
_90 FLIGHT TANKS
SEPAraTE CO NTQACTUAL COSTS
tN O_E_AT_ONAL COSTS

:_,.._:_._ _O_m_._ON ONLY
NET EFFECT

HARD WAP._5AOJ USTh,_NT, S
PROF'U_ON

SYSTEh_ TEST

ELECT. PWTv/|NST_/AV_ON|CS

NET EFFECT

kAgO_ RATES

FEE _0%

NET EFFECT

GRAND TOTAL ADJUSTMENTS
O_|G_NAL PROGRAM COSTS

ADJ USTED PRO GP_,_ COSTS

%MSC REMOTE SITE P_,TES

JFH-II

n0__400(I)

(z4)

(_s9

(66)

(366) "

338

-0-

372

355

GAC COST _N O_]TER _S -

GAC L.O_ _ _N 0,:_,_ _ER WBS -

GAC COST gN m;_g_'r.,_ _GS

(UNCONF_Rb_:_D}

L2,4SC _N_T_AL $t5.9"0
R_:V_.::D $ '_2.,95/HP, *

ADJUSTED FOR NO FEE

PROVIDES A CO,_¼ON COST BASE
AS QUOTED

SHO V_ COMMON PRO GRAM
SCORE OF EFFORT

L05



ilii ,o  ooo

::::5

:t

4

1:i

J]

!i_!

]
i JFH-12

:i D0440i(I)

L

NOR_ALIZATION LMSC -NAR (+<t_#)

FUNCTION

HARDWARE ADJUSTMENTS

PROGRAM ADJUSTMENTS

PROGRAM MANAGEMENT

QUANTITI ES RDT&E

PRODUCTION

FACILITIES & EQUIPMENT

LOGISTICS & GRND HNDLG

TPS - ASCENT CONFIG.

LMSC

NONE

(18)

(7)
(1o)

(9)
(44)

NET EFFECT

COSTING

LABOR RATES

FEE 10%

NET EFFECT

GRAND TOTAL ADJUSTMENT

ORtGI NAL PROGRAM COSTS

ADJUSTED PROGRAM COSTS

_78,,

(77)

(64)

fl4i)

(219)
704

4B5

NAR

NONE

396.5

396.5

COMME N TS

•SAME BASIC SYSTEM

NOT SHOWN FOR NAR

6 TAN KS

89O TANKS

NOT iNCLUDED

NOT INCLUDED

ASCENT ONLY

REVISED LMSC RATES (:12o95 $/HR)

NO FEE

PROVIDES A coMMON COST BASE

,._.OMMON ,'PROGRAM ,::,,"_ os:,,,..,_,, ,. OF EFFORT

107



L_.,_ REVISED COST SUMMARY

DDT&E

REC. PRODUCTION

TOTAL PROGRAM

73

GAC

33

NAR

61

DRY WEIGHT/TANK

AVG REC PROD, $1LB

477

55O

7064

76

I

11585

3i

335

396

32

7_(l) Uv_SC-NORMALI__D TO GAG BASE

MCDAC

89

53O

619

22491

27

' 73
i

I 265

338

70_

42

JFH-14

D04422(I)
109



COST
$ Mi LL.

JFH-13

_.... D04424(i)

i

8O0

EXTERNAL LH 2 TANK - COS I RA ":':

"" -..,,.....,.,.

LMSC
NORMALIZED
TO NAR -BASIS

I"_%A? -FART

GAC / ,_

YJ ', _TAPR, L 71

""" ---..._ \ NAR _ .+_,.-ruvv,71

G_C

............ V3]

DMSC
NORMALIZED
TO GAC t ^c__

= 3i ,/,-p AVo F_'_C,Do:.°_h.I COST
31

L _ ....... _
i0 12 14

OF ORBITER PROGRAM

ESTIMATES

ESTIMATES

= 31 /' _ ::.,\/', _"O_":-g'_'

NO ==r: -E:-
NEW b_,iOi P.ATE -90

TOTAL R::'_ "" _: MILL.

16 18 20

_/-ktNi\ _F, i YVF-_',,._V(I

DOLLARS

]]1

MCDAC _"_
27

22

1000 L-5

700-

600

500

400

300 -

200-

1O0................ J
6 8

LMSC
V
/

/
/
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:3

EFFECT OF P/L BAY S1ZE ON ORBITER

PARAMETER

CONFIGURATION

FINAL

COMMENTSI COMPARATIVE DATA

I-"l _1"_---40 _ "-q _F:-----60 FT..,

ORBITER
BODY LENGTH (FT)
DRY WEIGHT (KLB)
WING LOADING-P,/L IN (PSF)
LANDING SPEED

P/L OUT (KT)
P/L IN (KT)

OLOW (KLB)

SYSTEM
INTERIM GLOW (MLB)
FINAL GLOW (MLB)
TOTAL PROG. COST ($B)
PEAK ANN. FUND {_B)
FINAL AVE. RECUR {$M)

80RB. INERT

99.8
122.9
102.3

150
124
996.0

120
136.5
69.8

150
120

1,070.6

4. 759
3. 036
9,, 873

,,956
5°54

22

5. 173
3. 339

10. i16
,972

5,, 69

28

BOTH ARE DESIGNED TO CARRY 65K
PAY LOAD.

SMALL P/L BAY LENGTH IMPACT:
EXCESSIVE REENTRY HEATING
(W'/S : 102 PSF)

DELTA BODY SHAPE IS ALTERED
(NON-SCALEABLE)

SLIGHTLY REDUCED ORBITER

WEIGHTS AND COSTS (.AS SHOWN)

IMPORTANT, BUT NON-DRIVING
CONSIDERATIONS:

GLOWs, SENSITIVITIES AND TOTAL
COST " l

e AERO AND STABILITY FACTORS

CB-II

DO 4632(1)
123
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ORBITER ENTRY HEATING BOUNDARIES

Entry heating boundaries are shown for iower-surface/%ody-leading edge temperature

limits of ig00°F and 2300°F. The lower limit represents a temperature constraint

based on a superalloy metallic TPS, whereas the limit of 2300°F is taken as the design

temperature, with 200°F margin, for a TPS composed of rigid external insulation. The

slope discontinuities in the lower su_-'cfacecurveB result from assumed botmdary layer

transition. Heating boundaries also are shown for the nosecap stagnation poLnt and fin

leading edge. At high velocity s.nd low angles-of-attack, laminar heating to stagnation

regions is critical. A.t angles-of-attack greater than about 35 deg, heating on the lower

surface is critical for all velocities.
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ORBITER COMPOSITE HEATING BOUNDARIES

1900°F LOWER SURFACE
1900°F BODY LEADING EDGE, R = 48 IN.
2300°F FiN LEADING EDGE, R = 8 IN.
2800°F NOSE CAP, R = 48 IN.
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ALLOWABLE ENTRY, WING LOADING

• .•.

Allowable entry wing loadings, based on win_-!evel flight at peak heating, are shown

for lower surface temperature limits of !900°F and 2300°F. Two wingrloadi_g scales

are used: the lefthand based o.__aerodynamic reference area rand the righthand based on

total planform area. For either lower surf_.ce constraint, the ms_imum allowable wing

loading is a maximum at a vehicle angle-of-attack of about 40 deg. With a 2300°F limit,

the maximum reference wing loading is about !06 psf, whereas, r educiI_ the temperature

constraint to 1900°F lowers ti_s value to 52 psf. The effects of nosecap and fin temper-

abare constraints also are shown for radii scaled with vehicle length. At low angles-of-

attack, these limits significantly lovcer the allowable wing loading.
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ALLOWABLE ENTRY WING LOADING
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ORBITER PEAK TEMPERATURE ISOTHERMS

Peak temperature isotherms experienced by various orbiter configurations during

entry are shown. For all co_n__igurations, peak heating to stagnation regions occurs

at pu!lup following the i_itial plunge. For Config-urations !, 2, and 5B, temper-

atures at these locations increase with wing loading since the radii are scaled with

vehicle length. Excepting 5C, all orbiters generate li00-nm crossrange without

exceeding a lower-surface limit of 2300°F. This is not true for the shorter higher

wing-loading orbiter 5C. To achieve ll00--nm crossrange with tlHs configuration,

rcsults in peak lower-s,_trface temperature of 2600°F.
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__- ORBITER PEAK TEMPERATURE ISOTHERMS

1100 NM CROSSRANGE

TEMPERATURE I N °F (e = 0,8)

_r -'_ I°°° _ IuPP-_R
• -_--.Z"-:--.__ Z \ -_R

BODY

_- '-'_>,,_oc17808
"_FIN-'_ E,, 2320

CONFIGURATION 1

W/SRE F = 57 LB/FT 2

oSTAG

_ooo_ ----4 '_'_

CONFIGURATION 2 __
z4_xL°Eo

W/SREF = 64.2 LB/FT 2 2370

i"

" X940 STAG,,

_000 _ _ _ JPPER

__- __oo_LowER

CONFIGURATION 5B

W/SRE F = 70.2 LB,/FT 2

GA-4
DO4585(1}

 0STA 
• ___ooo _ __R

-_-------_ "'_ ""2 ,-_--I LOV._ER

0oo  .F_.
FIN Lo Eo 2540_

NOTE:

HEATING COMPUTED USING
NASA THERMO PANEL
RECOMMENDED TECHN!QUES°

CONFIGURATION 5C

W/SREF = 102,3 LB/FT 2
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_ 1. PHASED BOOSTERDEVELOPMENTSAVES 896 Mh/R PEAK ANNUAL FUNDING-.

:_ 2. EXTERNALH AND-O DECOUPLESORBITER DEVELOPMENTFROM STAGING, OFFERSLOWER
i

:i SYSTEM DEVELOPMENTRISK AND MUNRMtZES SIZE OF ORBITER.

i_ 3. LARGE PAYLOAD BAY RELIEVES ENTRY HEATING AND DOES NOT INCREASE COST

_ SIGNIFICANTLY
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PARALLEL VS TANDEM STAGING

The tandem configuration (2C) requires an interstage which weighs approximately

16,000 lb. No interstage is required for the parallel config_r_J_ion(2). This weight

is expended during interim_operations and becomes a part of the booster reusable

stz,actureduring finaloperations. The effectof this stz-actureis to m_<e the ts_ndem

total cost $389 million higher, the peak funding $49 million higher_ a_.dthe recurrh_g

cost of the fh__alsystem $390,000 per flighthigher. However," the e_f,.reme[ydifficult

abo_ or staging separation associated with the finalpar_Me_ configuration (2)and

the fact that this configuration experiences quite differentinterim-to-final ascent

ae_thermodynamic environments favors the tandem co_iguration (2C).

SF5

D04562(I)

1.46



PARALLEL VS TANDEM STAGING

F!NAL :

INTERIM

PARAMETER COMPAP, ATWE DATA

2 (PARALLEL) 2C"(TANDEM)

DIFFERENT
ASCENT
ENVIRONMENT

SAME
ASCENT
ENVIRONMENT

CONFIGUP_TION NO.

387.1 462.4

17.1 33. t

3.32 3°69

9.76 10,14

0.97 1,02

4.77 5.16

DIFFICULT SIMPLER
SEPARATI ON SEPARATIO N

COM_ENTS

SAME SIZE ORBITERS, BOTH HAVE

EAI. LH2, SAME INTERIM SRM.

HIGHF,.R TANK WEIGHT OF 2C
(TANDEM) DECRD_SES PERFORM-
ANCE _'_ _CR=._¢ COSTS_
BUT MORE DIFF!CULT A_OKT OR
STAGING SEPARATION OF 2 AND
D_C:_l_rs_q tN INTERIM TO FINAL
ASCENT AEROTHF._MODYNAM1CS OF
2. FAVOR TH_ TANDEM
CONFIGUP_'_TION.

THEREFORE, TANDEM fS
RECO M44 EN D ED o

i'

/

1
I

I

ORBITER COMMONALITY

FINAL BOOSTER DRY WT
(1o3 La)

(IE_0T3.TANK DRY WTLB)

FINAL GLOW (i06 LB)

TOTAL PROG COST ($109)

PEAK FUNDING ($109 )

FINAL RECURRING COST/
FLIGHT ($10 6)

STAGING AND ABORT

SF-5

D04562_)

*INCLUDES APPROX IMATELY 16,000 LB OF INTER.STAGE
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TANDE_ VS PARALLEL STAGING ADAPTER CONSIDERATIONS

--- :",_-,'_-_"÷-_c_ etr_et=J_-e}"_"' _ '_ _-,r,-,-_-_ slid %8.:'i<S of

CO.,_lfi_L_esa pe!i[_i_],'_-- _ _f" _ '-:_-,wherecol_io_drs_tion _-_" -_,_ over the -parallel con_i<u: a_=_.the tandem

•- SU._I_C8.aaap_er s_ructuz is integral wlth the booster upoer This ._,,_e_can be m_nl-

..... nc,_._.o,a_ asmized through clever design the ideal solutfon being to,_ _'_ _ '-_ much as

possible into the booster as recoverable structure as shown in Configuration 2. zn_

_ _ -_o-...._" ,_ 3 where _ penalty is
present performance and cost ca_a are based on _o_-o_ a_o_ .J._

]

150



43

;]2

:3

'-_':_5 _- TANDEMVS PARALLELSTAGING
:I " .... " - .....

ADAPTER CONSi DERATIONS

CONFIGURATION ADAPTER COMMENT

2 INTERIM 2 STG-_SOh_.

(PARALLED

2 FINAL ._

..f-'t

'---/

e jETTISONWITH
SRMs

ADAPTERINTEGRAL
PARTOFBOOSTER

2C I NTERUM

(TANDEM)
2 STG-120 IN.

2CI FINAL

CONCEPT1

CONCEPT2

<Z

/--1
-/"

]
• /'-'1

'1JETTISON_/_[TH
SRMs

_, ADAPTERTOORBIT

8 SHORTSKIRT TOORBIT
REMAINDERiNTEGRAL
WiTH BOOSTER

CONCEPT3 JETTISONADAPTER

SF-2

DO4557
15;



SRM STAGE SEPARATION

The stage separation for configurations with single stage boosters is comparatively

straightforward as indicated on the chart. Such an mrrangement requires opiy one

joint and one separation device resulting in a single separated unit being longitudinally

decelerated by retrorockets.

The _vo-staze booster configurations, on the other hand, present a rather complex

separation problem. The I20-inch SRM config_u__ationhas five motors in the first

stage, t_voof which can be eenveniently coupled structurally. Because of the thrust

, mo_o_ _ is not as convenient,aii_nment problem, the attachment of the od__ tb:ee .....

resulting in a need for them to be separated independently, if these tkree motors

could be struct-araily integrated, the numbers of separated units would be reduced

_om four to two, but the number of separation devices would be about the same. Of

the two-stage configurations, the one with the 156-inch SRMs is obviously the more

desirable.
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STAGE 2 ]

SRM STAGE SEPARATION

I STAGE- 120 IN. SRMs
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!
I
|

I

1
I
I
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•
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_I_'T_L _- • ._ r', _ _"_<_ OPERATIONAL D_FF_ff_:NC_S PARALLELVS TANDEM

PAP,_kkLEL
CONFIGURATIOI",

2

TANDEM-

CONF|Gb_ATION
2C

RR-4

D04535

HANDUNG
& STORAGE

_!_ -._._ ROTATE

MFG.

I'NTER_M _ FINAL

Q
>:_'_

$'15M (2EA)

_ ." _ _, .._._,-,._. _ ."

TANK ,V_T E
OPE_ATJONS

2 _;N KS

] TAN_(

$21M (2EA)

I

$9.7M

= -$3! .2M

COST DiFFEREh'C_I

OF SOo],'4t'sNOTI
S_GN_F_CANT [

.=$3| "• ° _._A
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PARALLEL VS TANDEM: BOOSTER WEIGHT COMPARISON

Weight penalty on the heatsink booster for a tandem system compared to a parallel

L_ _._ _ . _ _.... booster. The welF_n_system is based on pretimin_y loads and s_ u_u_l analys_s of %_ _ "" "_" "

increase is primarily in the top side of the booster hydrogen tank; the booster oxygen

table is designed by other !oad condi_:_ons and, hence_ is unaffected by the change from_

parallel to tandem orbiter rnountit_[[. The weight penalty shown in the accompanying chart

includes the interstage support structure for the tandem system.

J
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k

PARALLEL VS TANDEM: DROPTANK WEIGHT COMPARISON

The liquid-hydrogen, external, bottom-mounted tanks itandem system) are heavier than

the side-mounted tanks (parallelsystem), since in the tandem system the tank must

transfer the orbiter loads to the booster.

When both liquidoxygen and liquidhydrogen are carried in external tanks, the hydrogen

tank must be stiffenedto carry the increased loads from the liquidoxygen, and_ thus,

the difference between a ,_an_.emand system is _ _g._e_ reduced The _n_t ,v_h_-

(ib/ft2) o{_the droptank for t_._otandem system is slightlylarger than for the parallel

system; however, in the parallel system, the propellant is contained in two arop_anks

_ " _ IV _'lwhile the tandem system uses oM? one dro_tank. Thzs combined ,_n the added system

complexity of using two tanks _ results in the totaldroptank weight being somewhat less

for the tandem co_iigu_ration. This complements the lighter -°"_ _ "_'_:_ , '_" '-

obtained in the tandem _" _" __ano__rcom_gmra_lon (since the orbiter does not have to .... F_ any of

the ascent propellant loads to the booster).
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SELECTION OF INTERIM BOOSTER CONFIGURATION

Accepting the advantage of the 156-inch co_ffigurationsin weight and cost, the question

of the number of stages remains. The two-stage eor.ffiguratiensoffer some advantages

over a single stage in weight and cost, but these must be balanced a_ainst system con-

siderations which are not so readily apparent. For example, the siP@!e stage has

advantages regarding stage separation and structural design. Furthermore, the v/eight

and cost advantages of the two-stage booster would be mitigated if a staging "Q" con-

straint was imposed (present dynamic pressure at first separation is approximately 360

psf). Based on the current analysis and data base, it is recommended that future activity

emphasize the 156-inch _mg_e-stage booster.
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L_E._HEEG

__ SELECTION OF INTERIM BOOSTER CONFiGURaTiON
y:>.

0

156 IN/3

I

470 K/ LOWEST I
Jl_IN./7 527 K RiSK

COMMENTS

33

120 IN. D VS 156 IN. ISSUE

Q 156 IN.DIA ALLOWS FEW_R SRM_

@ 156 IN. RESULTS IN LOWER GLOW
AND PROG COST

@ 156 IN. LEAST COMPLE,_ STAGE
DESIGN

212

I

i ' i51 387 32.2 10,119

i
5.0 30 468 39.0 10,080

t

32 J 408 34.0

SINGLE VS TWO-STAGE ISSUE

@ SINGLE IS LESS COMPLEX

@ TWO-STAGE HAS HF-Q
]ST SEPARATION

@ TWO-STAGE REQ MULTIPLE
UNIT SEPARATIONS

RECONV',AENDATION

@ SELECT 156 IN. DtA.

@ SELECT SINGLE STAGE



iNTERIM
SOLI D ROCKET

CONFmGURAT_ONS
MOTOR CHARACTERISTICS

5/2 1.328 750/853

2/'1

9/'0

4/'O

3/O

5/'2

3//O

CB-8

DO 4576

3.15

O. 875

1.745

2,328

] .328

2.14

000/1200

750//853

75o/tooo

750/1000

750/853

75o/Io_o

NOTES: 1

2.

3.

9.4 24o/2_9_o3 o.s_ o.>2 o_ _.2 jO_
1 2 STG-120 _N.

sAME 0_
2 STG-120 |N.

j ' . @_9.3 247/269 i . 192 0. 879 t 266 7, ! ,a-----:>_------_
I 2 STG-156 CN,

10.0 24-0/270 150 0.507 0.892 937 6.9 @ __

j ! STG-120 _N.

i0,0 240/270 141 t .006 0.89t 1083 6,0 _,_:_
• i STG'i56 iN.

9.2 24_/268_4_ _.33_ o.89_ i4_5 8.0 ®_
i STG-i56 IN o(3)

9.4 240/269 103 0. 527 0o 892 992 7.2 k___'
2 STG-120 IN.

1 STG-156 IN.

FLEXIBLE SEAL NOZZLE W_TH MAX DEFLECTION ANGLE OF ± 8 DEG

THRUST TERMINATION AND TVC ACTUATION SYSTEM WT, NOT INCLUDED

STRUCTURAL DESIGN STRESS = 200,000 PSi PLUS SAFETY FACTOR OF 1.25

4. iNSULATiON SAFETY FACTOR OF 1.5

j

i

5. PBAN TYPE PROPELLANT

r"Tr_]:,
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INTERIM BOOSTER SELECTION ISSUES

i20-1N. DIA. VS 156-IN. DIA. SOLID ROCKETMOTORS (SRMs)

SINGLE STAGEVS TWO-STAGE BOOSTER

APPROACH AND GUI DELINES

DEFINETHEFOUR LAUNCH SYSTEMS AND COMPARE:

@

@

@

@

8

PERFORMANCE¢_E_GHTS

AERO STABILITY AND TVC

STAGINGISEPARAT_ON

ABORT REQ.fTHRUST TERM_NAT_ON

ACCOUST! CAL ENVI RONMENT

@

@

@

@

@

POLLUTION

FACiLiTiES

GROUNDOPERATIONS

SRM DEV. RISK

SYSTEM COST

: RB- 5
DO4547



1 _=_- ,,.,: _-_ INTERIM BOOSTER SYSTEM PERFORMANnE GROUNDRULES

t

CONSTRAI NTS

® EACH CONFIGURATION HAS COMMON SRMs

MAXIMUM DYNAMIC PRESS _ 500 PSF

o MAXIMUM ACCELERATION _ 3G

STAGING VELOCITY _- 6000 FPS • •

• MAXIMUM Q c_ _. 2500 PSF - DEG

e iNTERiM AND FINAL SYSTEMS SHALL HAVE A COMMON iNTERFACE

o FINAL ORBITER PERFORMANCE USED FOR SIZING iNTERIM BOOSTERS

RB-7
DO4558
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L_

--=---_r SOLID ROCKET MOTOR CHARACTEREZAT_ON
L_..................................................................

GUIDELlNES

_ CONSTRAIN TO STATE-OF-THE-ART
;!t
:,! e EMPHASIZE SAFETY

_ GROUNDRULES
i

e STEELCASE STIFFNESS

:_ o PBAN TYPE PROPELLANT SAF_Y

°" WEIGHT.!i ¢, c,_v SEAL NOZZLEFLL.A , ,

_il e BURN RATEAT 1000 PSI 0.3 <'" <0.6 SOTA
_ ub

_,_ ¢ CASE LIDRATIO _ 8.5:! SO_A

STANDARD S.L. _SP = 245 SEC. SOTAe NOZZLE EXIT DIA. -< CASE D_A, INTERFERENCE

} O THRUSTTER_iNATION REQo SAFE-P{
!

!
RB-6

i DO4553
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!!
] CANDIDATE INTERIM BOOSTERS

<Z>

I TWOSTAGE i

i: TM

O0 0 0

9 - 120 JNo SRMs

PROP° WT = 452K EA
SRM WT = 507K EA

TSL = 875K EA

O O

5 + 2 1201N. SRMs

PROP° WT = 470K EA
SRM WT = 527K EA

TS L =1,328 K EA

© DENOTES SECOND STAGE.

i156 INo SR..L_M
I

@
4 - 156 iN, SRMs

PROP° WT = 896K EA
SRM WT = 1,u0oK EA

TSL =1,745 K EA

_0

2 + 1 !56 IN. SRM

PROP. WT = 1,047K EA
SRM VvT : 1,192K EA

TSL = 3,150K EA

I_5

FIXED ORB!TER CONFIGURATION

SINGLE i

STAGE j

iI i := iI2FT
__ f -REF_! C .o D



• _1 'L

i_ "°_°"°°°
_'_¢- SRM STAGE ARRANGEMENT (CONFIG. 5B)

DO 4624
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SRM STAGE ARRANGE_,AENT (CONFiG. 5gi 4CONT'D)

ii:_l-

• !!.

:i

]

.i!
191



i ¸ -j

TVC POWER AND ACTUATION SYSTEM

;i

!:I
-!

A high-pressure, 4000-psi hydraulic system driving linear hydraulic actuators has been selected. Practical

alternatives of furnishing the hydraulic energy are a gas-turbine driven pump and a blowdown system using a

cold-gas-pressurized hydraulic fluid reservoir. In comparing these alternatives, compactness and low weight

with the turbopu_p system and simplicity and reduced cost wi'&h the other system are traded. Either system is

within the state-of-the-art, and for both systems, components of the size required are not existing. "

Gas driving the turbine is provided by hydrazine monoprope!lant decomposition to permit adjusting the con-

sumption for varying power demand° The constant-speed turbine drives a pressure-controlled ratable-

displacement b.ydraulic pump to maintain operating pressure°

Two redzmdant power systems are used.- One system proves the power under normal operating condition with

the standby system idling during the entire cycle. Prior to liftoff, the lines are pressurized by small electric-

motor driven pumps to prevent turbopump overs peedingo Two red'o_dant shu%le valves at each actuator isolate

the standby power system from the actuator valves as long as the primary system pressure is maintained within

design tolerance° If primary pressure drops below this limit, the shuttle valves lock OL'Jc the primary system

and comnect the supply from the redundant system.

Flow into the actuators is controlled by a majority-voting, triple servo-valve unit, which receives three

separate command signals from the vehicle guidance and control unit. Triple seals are installed on actuator

pistons and rod bearings to protect against _fluid loss. If hydraulic power is lost, the spring-torque of the nozzle

sea! and the torque produced by the internal gas flow in tile nozzle act to return or maintain the nozzle in the null

position.

Individual and fully independent power systems are being used with each SRM in a stage.



TVC ACTUATiON/POWER SYSTEM

NC
SQUB Vo

POWER SYSTEM NO. 1 I DUAL START SIG _
t00% CAPABILITY _.

OPERATING 1 , DRY wEIGHT, LB ]

MAX DEFLECTION ±8 DEG I I FUEL & PRESS'N 84 1
' APU t7SI

MAX SLEW RATE 20 DEG/SEg . [ [ HYDRAUUC PLUMBING 57
MAX ACCEL. , 1 RAD/SEC z J [ A,._'T'UA._ORST 390 [

MAX ACT. TORQUE 2o7X 106 IN-LB[ [ ACCESSORIES 150j

h_- • 1
I - f-6T'Z-L--

I

PRESS.
REG

BURST
V.

FILL
Vo

PRELAUNCH
SIGNAL

C- ;ONTROLS
i:O Vv_R

I I

• ..L,::.

MAX APU POWER 260 HP
DUTY CYCLE t2,500 HP-SEC
HYDRAULIC PRESSURE 4000 PSi

MANUAL DISCONNECT CAPPED

WN- 1

DO4555

FLUIDS

N2"H4 & N2 48
HYDRAUUC 56

TOTAL 104

SYSTEM PER SRM 960

t
[
[

• POWER

i SYSTEM NO. 2
t00% CA?AB_MTY

.[ FULLY REDUNDANT_

[ iDLING ]

i
[ 1

FLIGHT CONTROL ! I

_'__/PITCH iYAWL '_ G&C SYST

_'X_ _/ 40 PITCH

__ F_ PLANE
_--ACTUATOR WiTH

TRIPLE SEALS
2 SHUTTU V° SYST NO. 1

PREFERENCE PARALLEL ---- MAJORITY VOTING

REDUNDANT SERVO SYSTEM
VEHICLE CONFIGURATION 5B

I i}3



SRM BOOSTER SUBSYSTEM INERT WEIGHTS

This chart compares the relative weights of the individual subsystems

booster stages for the differentorbiter-booster tandem configurations.

(except SRMs) in the
t

Insulation. Weight data reflect the requirements for the insulation of the peripheral and base

surfaces of the stages.

TVC. Shown are the relative total weights for the TVC power and actuation systems (individual

and independent systems for each SRM). Differences are due to the number of subsystems in the

stage and to the required deflection I ,,ang_e;_ determined by the individual requirements for control

authority and for c.g. tracing of the different eonfig'&rations. With the tandem conf'_'g-_rations

considered in this comparison, nozzle cant a_gles vary from 2 deg with co_ffiguration (5B) to

5.3 deg with configuration (SD), and deflection angle requirements from ± 8 deg with config_ara-

tions (5A) and (SB) to ±10.3 degwith configuration (5D).

Thrust Termination. The large variation be_veen the weights of this st_osystem reflect the

interface problems encountered with the installation of this system in the booster stage. Use of

single ports and of extended stack lengths to avoid impingement on the orbiter results in considerable

weight increases over the basic design us:ng two ports with short stacks. Also of influence is the

selected MEOP of the SRM, and this parameter has not yet been optimized considering all related

effects on system.design, performance, and _veight.

Separation. For all configur, ations, only systems employing auxiliary rockets for providing

the separation impulses to the separated stage were considered, and all systems are divided

into t:h_ree independent sets of rockets, of which two sets combined arecapable of furmshing the

required impulse and where the third set provides full standby capability for a single motor

failure in each set. The differences in percentile weight reflect whether only axial, or a

combination of axial and lateral impulses, was assumed required to satisfy the peculiar separation

condition of the individual configuration arrangements.
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BOOSTER SUBSYSTEM _NERT WEIGHTS

PERCENT OF SIAGE iNERT WEIGHT

i"

2O

"i-

O

i5
I'--
rv"
L_

Z

©
<
l--
m 10

0
l-.--

Z.
t._

u

"_ 5

VV-N-5

DO 4637

OTHER &
CONTING

SEPARATIOI

THRUST TERM

TVC
INSULATION-

STRUCTURE

TOTAL SUBSYSTEM
WELGHT (KLB) j

2 STG-156 IN.

STAGE

IST
2ND

®

I STG-120 IN. 1 STG-156 IN.

0.858 0.859

54.6 27,0 124o0

0o 871

90°0

195

2 STG-120 IN.

1ST STAGE

2ND

I STG-156 iN.

I M///

J
I

0. 877

65.0



SRM BOOSTER STAGE INERT WEIGHTS

This diagTam shows the results of weight analyses of the five interim systems with tandem

orbiter-booster arrangement, where the particular load, operating, and interface conditions

affecting the design of the stage structure arld subsystems are accounted for.

Using the difference between stage mass fraction and SRM mass fraction as a criterion for

the stage inert weight evaluation, it appears that the number of SRMs in a stage is the

predominant factor (substantial increase in subsystem weight with increase in number of

SRMs), as evidenced by comparing configux'ations (5) with (SD), (5D) with (5A), and

(5C) with (SB). On the other h__nd, no significant trend becomes evident in comparing

single-stage configurations with two-stage config '_"_rations, since a reduction in stage sub-

system weight occurs from single-' to t_vo-stage designs with configurations (5D) to (5A),

and no change occurs between configurations _ (5) and (5B).
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SRWI BOOSTER STAGE INERT WEIGHTS

" u- z "I I blC_-.b6 fiN. 2 STy-f20 IkN. _- .

iI i
!I i

1 o.6

__r OTHER

SUBSYST. 7

' STRUC- !_,,\X_ STAGE
STAGE ]LURE:fi_

0,5

O. 891
Oo871

I

i
......

0.892 0,892 ]
0,870 0,870

0.893
O. 877

J

;k' SRM
X STAGE

0.878 0,878 0.892
0.858 0°859 0,868
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;_ __- INTERIM BOOSTER CONTROL DESIGN CRITERIA.

.!

_,_ e STABILIZE AND CONTROL COMPOSITE BOOST PHASE

'.i_ e MINf.NIIZE DRIFT FRO_4 NOf_4INAL{NO W_ND} TRAJECTORY VV_THIN _ r, __ D_,.,ON,,T_,,_!NT1 •
! , CONSTRAIN <_q TO.LESS THAN _ DEG-PSF

t

e Ub__LOADS Dr.SIGN W_NDIGUST (90, _S/;O_ FT SHEAR, _ FPS {.I - COS}
:'! GUST}
Q

:?

;. ._ W_ND AND GUST PEAK SIMULTANEOUSLY AT THE ALTITUDE OF _4v_,,g_'NAL P_-_,,_'"
_ DYNAMIC PRESSURE

_ ,

:_ . e WiND FRO_AWORST AZINUTH

:!

_ _ NONINAL (NO-WiND} ANGLE-OF-ATTACK _S SNALL I<I- DEG} AT MAX!NUN q
;1

;i.,, _a- z3

,_ Do 4623
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' __- NO SRM GIMBALLING PENALTY FOR LOAD ALLEVIATION
! ---__ •

! ;7
__/_/ / SELECTED DESIGN LIMIT

J 4_NO. 2 iNTERIM

J @NO. 5B tNTERtM

12,0

Z
O
[--.

U
--I

10o0

5.0

'0

REQUIRED TOTAL
PITCH DEFLECTION .........

3OOO 40OO

. ///,///./AVAILABLE M_.D.EF_.ECTION RATE,/////,,_/

2o.o[_--_'-',, -- - _-,-,-- __-_-_-'_
, r-,.u. z_NO 2 1NT_RIM

o

10o01 I

E_
v

<_

Z
0

LLJ
--I

LL

"i"@NOo 5B IN:ER,M

rREQUIRED GIMBAL .,ATe
IN P_TCH

I

4000

NOTE:

(qc_) MAX, (PSF-DEG)

MSFC WIND AND GUST CRITERIA ASSUMED°

(qe_) MAX (PSF-DEG)

2 03



SRM PERFORMANCE

The single-stage booster motors are characterized by an approximate !45-second burn

time with MEOPs of 800 psi for the 120-inch diameter motors and i000 psi for the

156-inch diameter motors. Motors for the two-stage booster are characterized by an

approximate 95-second burn time with MEOPs of 800 psi for the i20-inch diameter motors

and 1200 psia for the 156-inch diameter motors. Mass fraction values do not include

the weights for thrust termination provisions, nor for the TVC actuation system. The

specific impulse points represent delivered values.

Circled data points are values calculated by LMSC motor performance and design programs

for the vehicle configurations denoted on the abscissa line. MEOPs have been chosen

to allow expansion ratios that will deliver near-maximum average specific impulse for the

first-stage burn. _arther efforts are including the effect of MEOP on mass fraction.

Minimum port-to-t.hroat area ratio has been limited to I. 5 to minimize initial internal

pressure drop within the grain port.

°
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SINGLE-STAGE MOTORS

iil o. 2!
0o911

156 IN,

i 000 MEO P

SRM PERFORMANCE

TWO-STAGE MOTORS

D

0.90

D

_S.L.

0.4

D04597

RB- Ii

0o6 0.8 .0

PROPELLANT WEIGHT (10 6 LB)

I .2 i .4 0.4

@ LMSC DESIGN POINTS

SRM CONTRACTOR A

SRM CONTRACTOR B

0 SRM CONTRACTOR C

0_6 0.8 ] .0

PROPELLANT WEIGHT (10 6 LB)

o4



SRM COSTS - MOTOR ONLY

SRM development and recurring cost estimates ss a function of propellant weight

and case diameter were received from two subcontractors. There is a compara--

tively large disparity in the estimates for 156--inch development costs, but fairly

good agreement for recurring costs. The slopes of the curves for the latter are at

variance, however. LMSC reviewed the subcont:cactor data and then estimated the

costs of the four SRM sizes as indicated by the solid dots on the chart.
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_-_._- SRM COSTS -MOTOR ONLY

_: DEVELOPMENT REC,..;RR_N G

!_ 90 7_ 7

8O

Z
0 70

"_" 60
t_

O
U

Z 5O

O
,._1

>,,, 40

,/.._,_1_1 N. D IA;

,2o,..o,A;
5D 8 TEST MOTORSzo I i .

0.4 0.6 0.8 1.0 1.2

6

O

O,
:-- 4

U

©
Z

_. 0

1.4 0.4

PROPELLANT WEIGHT PER MOTOR

IL I
NOTES:

Z_ SRM CONTRo A

E3 SRM CONTR. B

20 X 106 LB PROP'T

PER YEAR

I-
I

-_ 156 iN, DIA;
' ]2 TEST MOTORS

p

5D
2 _o - r--Q

120 iN, DIA;

8 TEST MOTORS

1

. 0.6 0.8

(MILLION POUNDS)

1.0 1.2 1.4

2")':



LG[_E_@

INTERIM BOOSTER COSTS ($ MILL[0NS)

VEHICLE

SRM DIA

STAGES

25

DEVELOPMENT

(EXCLUDING FLT TEST AND FACILITIES)

117oi

11.9 ]

INTRG
13.7 1

SYS SUPIT

40.0

BOOSTEF
DEV

51 _,5
SRM
DEV

5

156 IN.

2

93°5

9°5

it.0

25,0

48°0

5B

156 IN.

1

91.5

9.4

-- !0o7

-- 4504 --

k

5D

120 IN.

2

63°3

6°5

704

23°4

26,,0

5A 5 5B 5D 5A

120 IN. 156 IN, 156 IN. 120 IN. 120 IN.

1 2 _ 1 2 1

,6 TM

O

u.J
F.-

O
O

O
U

2O

15

t0

RECURRING

(COSTS PER BOOSTER)

16.3

./o4

14.2.

r---

I I

i

I

I

I

a-_3
DO 4619
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3

+ Lm+cm.+mm++

++_++ • ...............

i
3

++

(A}

(D}

Ir,c}

_F_
!

{HI

RB-!2
D04655O)

iNTERIM

COSTELEiS_}ENT

$2._ILB x 1,C_ MLB × 4 MOTORS

SRMs $3°531LBx .511MLB x 9 NiOTO_S

BOOSTERSTRUCTUREAND SUBSYSTEm+AS

LAUNCHAND_RNAROUND OPS iAT $9:2
P_IYR}

ORBITERTURNAROUNDHARDWARE

EXTERNALTANK (_47, _uOLB} {F_.RSTUNIT}

I N_RSTAGE {=17_0_0LB) {F_RSTUNIT)

SYSTEM RECURRING COSTS ($ MiLLiONS} .

CONF_GURAT_ON
5A 5B

I_ iN.l IISTAGE -!56 IN 1{iSTAGE- _

AGE_vSA_NTENANCE

SYSTE_ASUPPORT [

MGt_TAND _NTEGRAT_ON
OFALL ABOVE1

o15x {C + D + G)1

{11°3vLiIu_m

$ !1+8

$+1o.2

I+5 1.0

8+4 8+4

0..56 0.56

4+25 4.25

2.2 2.2

0.7 0+7

!+45 1o45

3.99 3.45

TOTALINTERIM RECURRINGCOSTEUGHT
$39o25 $33,81M

211.



'_ _:_"_ ACOUSTIC ENVtRONMENT
_------_i_

i'

CONFI

NO.

2C

5A

5B

1SRM

G._ NOZZLE
I :XIT PLANE

[STA (FT)

160

245

240

267

260

267

BOOSTER ENGINE
CLUSTER ARRANGEMENT

DENOTES
SECOND STAGE

oO
©

o '9'0
O

120 1N. SRMs

oO

O@ @O
O

i20 1N, SRMs

O®@O
OOO

t20lN. SRMs

0 @ 0

1561N. SRMs

O O
o O

oO
1201N, SRMs

@
156 in. SRMs

ENVIRONMENT

(OVERALL
DECIBELS)

i ORBITER

I! hs?h5sh62[!677
ltl-I 1_ liT01
iL-STA.0

_5q1561

REMARKS

/'%t lJ CONSIDERS ALTERNATE FWDSRM LOCATION
(2) LiFTOFF ACOUSTtC EXCITATION OF AFT

SECTION AND CONTROL SURFACES IS iNTENSE

(3) ACOUSTIC ENVIRONMENT IS A PRIMARY DESIGN
CRITERION

(4) SIGNIFICANT INFLUENCE ON TPS DEVELOPMENT
COSTS AND POSSIBLY RECURRING COSTS

(1) MODEEATELY HIGH EXCITATION OF AFT
SECTION

(2) _qHOULD ,_._,r,T PRE'SENT StGNtF!CANT. IMPACT
•RuC, u_,,-_ AND DEVELOPMENT COSTSON ST''! T_l_< TPS

(1) ACOUSTIC ENVIRONMENT COMPARABLE TO
CONVENTIONAL SPACE VEHICLES

(2) NO IMPACT ON STRUCTURES AND TPS
_\r:_ d,c ':"D_, _OPL_N i COSTS

SAME AS 2C

SAME AS 2C

SAME AS 2C

KF-t
DO 4569
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TIME DEPENDENT SOLID-ROCKET MOTOR FAILURE MODES

Principal modes of failure related to crew safety are (i) overpressurization of the motor case,

(2) burnthrough of the insulations and case wall, and {3) structural failure of the case wail

and joints. The potential of structural failure :.rill be increased as a function of the number

of SRMs in the cluster. Of these failure modes, _he burnthrough has the highest probability

of occurrence, but overpressure conditions allow the, least time for detection. The projected

failure rates were established based on 1967 data and the state of process development with

propellants and test history of multiple progTams.

Detail analysis needs to be accomplished to bring solid-rocket motor failure modes current

with the expected design choice.
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TIME DEPENDENT SOLaD ROCKET MOTOR

--___ FA!LUR _ MOD:S

ROCKET
MOTOR FAI LURE

MODE

OVERPRESSURE

e LBNER

SEPARATION

BURNTHROUGH

o I N SULATtON
CASE BOND

o NOZZLE

STRUCTUP, AL

._ TVC
e CLOSURE

_GNITOR SEAL

l IM_ FROM
LIFTOFF

(SECONOS}

0 -._ 20

20 .-_ 60

I
DYNAMIC
PRESSURE*

(Psr)

0-._,',136

i 36 -._ 494

0 -._20 0 -._136

I

j ALTITUDE*

,(FT)

0_,.3630

i

3630 -_-30220 i

DOWN-
RANGE*

(NM)

t 't

|2

PROJECTED
FA_ H _c

PER Mo _.L_ON

_.00

200**

,,.ONS=Q U=NC_:S AND
REMEDIAL ACT|ON

STAGE THRUST

_NTACT A_ORT MODE

STAGE THRUST
TERMINATION
INTACT ABORT MODE

0_3530 0
•STAGE ._H.,U_T

iNTACT A_T MODE

"" T*BASE, D ON A TY'P_CAL SOL_D RO_KE. MOTOR BOOSTER SYSTEM-SHUTTLE ASCENT TP_JECTORY
*%PECIAL DESIGN EMPHAS_S _S NEEDED TO AVOID ,_URNI;aROU_-_ AT HiGH DYNAMIC PRESSURES

JAD- 1

DO 4548

"15

_.._.,---..-d



/

SUCCESS PROBABILITY OF SOLID ROCKET MOTOR BOOSTER SYSTEM

The calculation of success probability on a p-_e!y statistical basis indicates a substantial

advantage to having three SRMs available and needing only hvo for the initial flight

phase.

(System 5)

Probability
of

Success

PS =/2 + _q R 2or T_o combinations of one or the other first stage fails and

the one second-stage work-_

a---Success of both first stage units (0.997 x 0.997)

(System 5D)

r)

PS = R5 + 5qR 5 + 5q _ R 5 + i0q 2R 5

-g or d or _ or

/ _F r. t

en cases- two .of ±irs stage fail

ive cases --one or the other second stage fails

e cases -one first stage fails; four first stage plus one second stage work

All five work

The cases where all available engines are needed for success, the multiplication theorem applies.

(System 5A) PS = (0"997)9 = 0.973000 or 27x 10 -3 = (27 x 103 ) x 10 -6

Conclusion. Selection of best combination yields low probability of failure - precludes need for

high-risk full-burn hold-down in the event of one SRM malfunction.

i
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SUCCESS PROBABILITY OF SOLID ROCKETMOTOR BOOSTERSYSTEM

;i

:il

4

::_

1

:'_

ii

:ii
1

i

SYSTEM

5

5A

5B

5B (ALT)

SOLI D ROCKETMOTOR

AVAILABLE

PER

SYSTEM

3

.4

3

7

NEEDED
FOR

LIFTOFF

2

9

4

3

5

MOTOR
TyD-_i L

156

].20

156

L..., O

120

ASSUMED PROBABILITY OF SUCCESS FOR SOLID ROCKET

NUMBER

OF !
TA #" E" C I

l

2

, 1

2

MOTORS IS 0.9977

PROBABILITY

OF FAILURE
(FAJLUD-_ PER_\LD

i_/IILLi ON

4O

27 X 103

!2 X i03

9XIO 3

93

JAD-2

DO4549
2i7



THRUST TERMINATION CONCEPTS

The separation of interim booster stages with fully tl_rusting rocket

motors is not considered to be a feasible operational mode. Stage

separation is initiated after all SRI_is of the stage have burned to a

thrust level commensurate with tl_e stage retro requirements. For

the abort mode, where premature stage separation is a design require-

ment, thrust-termination capability must be provided.
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THRUSTTJRIv [  ATiON CO  CLP

i CONCEPT

[.
|

('1) WATERQUENCH

(2) BLOW
FORWARD
C LOS URE

(3) BLOW
AFT C LO-
SURE

(4) BLOW
SIDE Fx'ORTS

(5) BLOW
FRONT PORTS
WITH STACKS
GIVING FWD
COMPONENT
TO
EX HAUST

SELECTED

EFFECT

EXTI NGUISHES
PROPELLANT

REDUCES PRESS-
URE, PROBABLY
BELOW BURN
L!M_T

SAJV_EAS (2)

REDUCES
PRESSURE

REDUCES PRESS-
URE AND GENE-
RATES REVERSE
THRUST COM-
PONENT

DEVELOPMENT
STATUS

NOT L ;ED WITH
LARGE _RM

NOT L ;ED WiTH
LARGE SP,M

NOT USED WITH

LARGE Sb_

ANALYSIS

OPERATIONAL
POSEIDON
UNDER DEVPT.
FOR TITAN
IIID

THRUST

FAST DECAY
TO ZERO

VERY HIGH
REVERSE SPIKE,
UNCONTROLLED
DECAY

VERY HIGH
FORWARD SPIKE,,.
UNCONTROLLED

SUBSYST_A
DESIGN

FADDITIONAL
INJECTION,
TANKAGE, PRESS-
UR[Z.ATiON SYST.

RELATIVELY SIMPLE
LINEAR-SHAPED
C HARGE

SAMEAS(2)
DECAY

TED TO ABOUT 10% ]MAY AFFECT CASEOFNORMAL  DES GNANDRO-
"PELLANT LOADING

EFFICIENCY

EQ UI LI BRIUM
THRUST BETWEEN
+15% AND -15%
NORMAL THRUST

FOR NULL THRUST
PROJECTED PORT
AREA ABOUT 1.4
NOZZLE THROAT
AREA

EFFECTS ON VEHICLE SYSTEM

i LEAST ADVERSE
FEASIBLE WiTH ALL SEPARA-

i TION MODES

I

SPIKE SHOCK ON SYSTEM,
DIFFICULT TO CONTROL BLAST
CLOSE TO ORBITER

SPIKE SHOCK ON SYSTEM
BLAST REMOVED FROM OR-
BITER
THRUST OPPOSED TO AXIAL
SEPARATION

IF USED AT END OF BURN TIME,
F/V'/ PROBABLY TOO HIGH FOR
AXIAL SEPARATION

NO BLAST EFFECT ON ORBITER

DESIGN TO AVOID
IMPINGEMENT ON
ADJACENT STRUCTURE

WEIGHT i
PENALTY

t PROBABLY

I LOW

PROBABLY
LOW

HARDWARE SIMILAR
TO (5)
ADDITIONAL LOSS

IN _ BECAUSE OF
REDUCED LOADING
EFFICIENCY

ABOUT 0.003
TO 0.006 z_ X'
ESTIMATED
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THRUST TERMINATION SYSTEM CHARACTERISTICS

In current designs, the combined effect of reduction in chamber pressure and reverse

thrust is obtained by the rupture of covers installed in ports in the forward motor closure,

and by ducting the exhaust gas from the ports through short stack for obtaining the desired

thrust vector direction. Single or multiple perts may be installed.
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_ THRUST TERMINATION PORT DETAILS

T.To

PLUME ENVELOPE

(ALUM. OXtDE ABRASION)

DEBRtS
ENVELOPE

REACTION
LOAD

CANCELS
THRUST

COVER

LINEAR CHARGE -
BLOWOFF AND PRESSURE
EQUILIBRIUM TIME LESS
THAN [50 MSEC

ToT REDUCED CHAMBER
PRESSURE TO 25% NORMAL

\\ .N-o
DO459S
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!i __- SECMENTEDSRM STAGE (I£O INo-156 IN.) Or_RAI_ONS CONCEPT

EXISTING COMPLEX 39

MODIFIED VAB

120 IN, -$ IM
156 iN, -$ I_8M

SRM MOTOR
ASSEMBLY

BAY

RR-2
D04225(l)

VEHICLE INTEGRATION
BAY

MODtF[EDLAUNCHPAD39A
($_,SM)

EXlST[NG COMPLEX 40-4]

MODtFliED

($7° " 'aM)

SEGMENT STORAGE

FACILITY AND GSECOSTS: i20tN_ -$i5M
156 IN, -$ 25°8 M

•b ,) .I



__o _ _ -__2- 1NT_RtM SRM IMPACT AREAS AND SAFETY

:i

:]

i:i!

!i

;!i

:]

s_

:}
/1

.:¢

l

TIIIC
"0" STAGE (OVER
20 MOTORS

THOR SR,_
(OVER 200
MOTORS
DROPED)

1
I
/

INTERIM SHUTTLE SP.M
SINGLE STAGE OR 2ND

e,- , I"STAGE OF 2-_TAG : SRM

IMPACT

INTERIM SHUTTLE SRMs
IMPACT IN SAME APPROXIMATE
AREAS AS THE THOR STRAPON
SRl_% AND THE SATURN SIC STAGE

SAFETY

ASSUMING _NTERIM. SRM BREAKUP
INTO NO MORE THAN 10 PIECES,
THE SHIP/AIRCRAFT HiT PROBABILITY
IS WGHIN THE PRESENT KSC
ACCEPTABLE LIMITS OF ] X 10-5

!,

i

1ST STAGE OF

2-STAGE SRM

RR-3
D04.530

S!C
(OVER 10
STAGES DROPED')

~ 6 CRAFT PER 10,000 SQ NM
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AIR POLLUTION ASPECTS OF SOLID ROCKETS

Calculated values for concentrations of SRM exhaust products are shown as a function

of time after ignition to illustratethat even these conservative maximum concentrations

are well below the accepted harmful thresholds. Actual measurements of SRM exhaust

clouds made during statictests found quantities of only about.30 percent of these calcu-

lated concentrations. Also, these peak concentrations occur at the SRM launcher shortly

after liftoff. No personnel are present.
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__- AIR POLLUTIONASPECTSOFSOLIDROCKETS .

V

Z
0
i...-

m.,,. •
t-.
Z
u.l
U
Z
0
£3

5O

_L _x'-- CO THRESHOLD*_X--AI203 THRESHOLD*

3O

2O

*THRESHOLD UMITS ADOPTED BY AMERICAN
CONFERENCE OF GOVERNMENT AND
INDUSTRIAL HYGIENISTS FOR 8-HOUR
EXPOSURE DAILY FOR AN INDEFINITE PERIOD
WITHOUT HAZARD TO HEALTH

MAXIMUM CALCULATED QUANTITY
!.N VICINITY OF LAUNCH SITE FOR
3.4-MLB SRM OF:

CO

10 __/---- HCf

• AI 0 ' ,:

0

0 20 SEC.

RR-1 TiME
D04540(1)
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I

_m_- CONCLUS IONS

I. PHASED BOOSTERDEVELOPMENTSAVES 896 MIYR PEAK ANNUAL FUNDING.

2. EXTERNALH AND 0 DECOUPLESORBITER DEVELOPMENTFROM STAGING, OFFE'RSLOWER
SYST_,q DD./ELOPMENTRISK AND MiNI_iiZES SiZE OF ORBITERo

3_ LARGEPAYLOAD BAY RELIEVESENTRY HEATING AND DOES NOT INCREASE COST
SIGNIFICANTLY.

4. TANDEM ARRANGEMENTRESULTS IN MAXIMUM COMMONALITY __""_'_LIv,JELJ,_INTERIM AND
FINAL DESIGN AND RESULTS iN SIMPLER STAGRNG.

5. ONE-STAGE- 156-!N.CH SRM IS SIMPLEST UOWESTCOST !NTER!M BOOSTER.

JTL-16
DO4660
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ii!il: UNIQUE CONCEPT - STAGE-AND-ONE-HALF
l

PARAMETER COMPARATWE DATA COMMENTS

NO. t(2-STAGE)

CONCURRENT

CONFIGURATION NO. AND
TYPE

DEVELOPMENT PROGRAM

FINAL SYSTEM GLOW (t0 6 LB)

TOTAL PROGRAM COST ( $10 9)

PEAK ANNUAL FUNDING ($t09 )

AVERAGE RECURRING COST. ($106)

I LENGTH (FT)ORBITER ENGINES (NO.)
DRY WT (i04 LB)

aGLOW (LB)
SENSITiViTY: cOORB_T iNERT

STAGING METHOD

TANK IMPACT

ABORT-TO-ORBiT DEADBAND

LDG SPEED (P/L IN) ORBITER (KTS)
BOOSTER

NO. 1!

(I-i/2 STAGE)

CONCURRENT

4,i0t

7.792

i .077

4 °,467

9,848 i

1 868

38

1145
3 (415K)

2i7.2

NO. 5B
(2-1/2 STAGE)

PHASED

j 3.339

i0.tt6

10o972

7.25

t4-5
ll

320

26

PASSIVE
(1 EVENT)

900 DOWNRANGE

(TBD) SEC.

150

42

ACTIVE
(1 E'/ENTi

NONE

(TBD) SEC.

150
(TBD)

5°69

108
3 (415K)

i36.5

28

ACTWE
(2 EVENT)

_i0,000 Mi.

(TBD) SEC.

150
(TBD)

J

(NO. 5B HAS t2 FLtGHTSMORE-
_NTERtM CONHGURATION)

!-1/2 STAGE SHOWS NEAR $tB
PEAK RN A CONCURRENT DEV
PROGRAM

(FOR F!NAL SYSTEMS ONLY)

!-t/2 STAGE ORBITER JS LARG-
EST-A MODERATE PENALTY FOR
COMPLETE _ _,,:_,_._':_r',_l OF
BOOSTER

t-i/2 STAGE LEAST SENSITiVE-
CONCURRENT PRQGD_M HAS
MODERATE R_SK

t-t/2 S_A_._c STAGING CAN
_qESIMULATED ON GROUND

1'1/2 STAGE TANKS HAVE
OCEAN IMPACT FOR MOST
AZIMUTHS

1-]/2 STAGE HAS ONLY ONE
VEHICLE AND CREW

!-t/2 STAGE HAS NO BOOSTER
TO LAND

TW-5
DO442 5 (2)
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COST SAVING POSSIBILITIES*

PROGRAM
LEVEL

EFFECTS

DESIGN
LEVEL

EFFECTS

DELAY BOOSTER DEVELOPMENT (1-5B)

OR

DELETE BOOSTER DEVELOPMENT (1-11)

RELAX REQUIREMENTS CONTINGENCIES.

SUBSTITUTE J2S FOR ICD ENGINE

itDOPT LOW-COST EXTERNAL TANKS

43 /LB so /LB
MINtM_,-.E USE Of: TffANsUM_

[PHASE AViONiCS DEVELOPMENT

TOTAL PROGRAM SAVINGS
SM

<268>

1056

PEAKANNUAL SAVINGS
$M/YR

896

791

400

250

5OO

145

<so>

40

20

0

39

13

_AD TO ATTAI.NABLEPROGRAM COST TARG_

*COMPARED TO CONCURRENT TWO-STAGE DEVELOPMENT

JTL-9

DO4G4$I1)
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CONTI NGENCY AREAS SUMMARY

RECOMMENDEDCHANGES IN

REDUCTION i N
GLOW i2-I12 STAGE}

L __. _. r, IEV,--Li REQUIR_M_NTS 2!5K

LEVEL I! REQUIREMENTS 35K

TD REQUIRLMENTS AND DESIGN PRACTICE 175K
425K

APPROXIMATE COST EFFECTS

•/

/

_, REDU_,IION iN _OTAL PROGRAM COSTS

_ REDUCTION iN PEAK ANNUAL FUNDING

T\V- I

DO4587
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CONTI NGENCY AREAS

LEVEL 1 REQUIREMENTS

CURRENT REQUIREMENT
OR DESI(

SO URC E
LEVEL JiTEM NO.

z-

}N PP,.ACTJCE

t

_DENTiFICATION

15 X 60 P/L BAY

POSSIBLE ALTERNATWE
Wt T H

,'VEIGHT,/CO ST REDUCTEON

i5 X 40 P/L BAY

PR:NC!PLE EFFECTS

APPROX t7% OF MiSS!ONS
NOT ACCOMMODATED OR

,WOULD NEED r_,z_,_r_mIT!Oh

APPROX.
REDUCTION

iN GLOW

30O K

TANKS S_ZED FOR
nnu00 FPS ON-ORBiT

[
I 10 t.930 FPS ON-ORBiT AV i350 FPS REMOVES CONSERVATISM 80K

' FOR RESUPPLY MiSSiON _-"'._-P' .....,_ ,....,_, REQU,,KEMEN _

t 10 !0K

t 1

24

TANKS _'_--,r__ _ru FOR
t500 o_"F_ _ ON-ORBiT

_'t " m,,":-_ TqrORBKER GO-AROUND

27

CAPABILITY E G , Rc(_u.:_.E_=_"
R.... _'"M_qS _ N

'¢v'_THAGES;: ,-'_T,, oa_
^n,_ '_ 35K W'iTHOUT

iS_: LL VVOULD. LEAVE 400 TO I
_rr- M _Ni_.u FPS BEYOND_ . .

:NEEDED IN uONG-TERM

ISTOP,AGE FOR ,_._,_:__..o_,_-_v
_M_SS_ON

_uAV_N_ FOR THOSE SYS-
__:_,/,_SD_.:_.;!'<c,.,, BY RE-

' _,-_0 2-STI hi O "-" A _N FO R

FA_L OP/FA_L OP/FA!L SAFF_J
(ELECT SUBSYSTEMS)

FAIL OP,/FA_L SAFE

i "
IFULL MISSION ACCOM-
IPLiSHMENT-SAVES ~ 1500 LB
"'_IORBKERWEIGHT

pAv_N_ rum I_©_E SYm-3-G ,A_^v,,,-_.,_,LOAD _r_

, 29

4G-EAST AND POLAR

REENTER ° LAND

25,000 LB P/_J

TEMS DESIGNED BY EAST OR
POLAR M_SS_ONS, EoG.,
TWO STAGE

ABORT OPERATIONS RE-
QUIRES DUMPING TO

..._25_.____0LB

LAND 40,000 LB P/L

*RE(:OMMENDED CHANGE

_-2
IX) _588

UP TO
250 K

45K

UP TO
30K

50K

,..,7

i



CONTI NGENCY AREAS

LEVEL II REQUIREMENTS

CURRENT REQUIREMENT
OR DESIGN PRACTICE

SOURCE
LEVEL

li

.fl.

ti

ITEM NO.

APP. C

APP. E

APP. F

APP. G

c: "¢ r4" ,,", _ iID...N, _ k.AT,ON

.... ,_,,_ ENVIRONMENT

..,,... _,,_ WiND AND
"-" FO _H_R REQUIREMENTS)

?r_o I:u >'oWE-iGHT CON-
T1NGENCY AT END OF
PHASE B

FLIGHT PERF. RESERVE
tloL OF CHAR VEL FOR
ASC _N PU SYSTo)

POSSIBLE ALTERNATIVE
WITH

'_/EeGH F/CQST REDUCTION

REDUCE TO WiND LEVELS TO
NEAR THOSE FOR SUSPEND-
_NG AiP.LINE OPERATIONS
AND REEVALUATE OTHER

"ROP,.!.MENTSENV_ :' ' "

H'q P_;ASF--C :r:-= ,4,,,,'r'c
NOMINAL WEIGHT AND
VARIATIONS FOR _^ u _,:_;
COMBINE STATISTICALLY

F_uEN_.,..USE 3-SIGMA CON "''" " r-=

ESTIMATED AT _-,0.8%

i PR_NCiPLE EFFECTS

TBD

TBD- L_TTLE OVERALL
F , T_-

_UT _pr_',:_r_Fr. k]AS_S
FOR WEIGHT CON-
I'ROL SYSTEM

A_,OL_ 60 F_ IN FPR

I AP_OX

Rr.DUCT_ON

._LNGLOW

,..,,, ,_.,.,_._ TO BE -_-_.ASED
ON ANALYSIS FOR
MOST PART)

CONTINUE PER APP.G -
iMPLiES CONTINUED
ANALYS_S AND JUST._F_CA-
TION OF CR_TER!A

_,,J- LiT _Lr ,..HANGE
IN C _,_:,'..r',"
ESTIMATES EXPECTED

TBD

35K

*RECOMMENDED C HANGE

!
i
t*

1

i*

I
t

i

i
I

B

TW-3
DO4589
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CONTI NGENCY AREAS
._4

TD REQUIREMENTS AND DESIGN PRACTICE

!"LEVEL[ !TEM NO,

TD- J
3002 j 4

' NASA ENGENE
DATA

• CURRENT REQUIREMENT
OR DESIGN PR_ACT_CE

i_r-krr:F_CATfON

LMSC

Lk4SC

DESIGN TOUCHDOWN
VELOCi_ OF !50 KTS
(THEORETICAL EXTREME
OF CON D!TiOi"-iS)

•_ !A_ I t r-- a-.Isp v_ .u__ AND ENGINE
WEIGHTS

3% ULLAGE

j q F iT _ g JPOS_JBL_ A_, ERNAT_V.

I WE_GHT,/COST REDUCTtONI

ESTABUSH SAFE LANDING
REQUIREMENTS FOR
REALiSTiC c _._ '_°_QrnDt_QNS -
NOT THF..ORET_CAL
EXTREMES

USE mr_,,-,! _c's'_ Mr"_.M_M,_. _

VALUES WiTH \:AR_AT_.ONS

TO. COMPUTE CONT_N-
GENC!ES

. CU 3 AD._,D,,"--_',_ t ;.'_Dr _--H 2 DENSITY < 4.4 LB/ i,,_ :,-_,,,. ]% t_.\_,_,,r.:,_.mL
,(_,:_ :BB!l c- A °_ _" _._u_=.b, 5SUM_D _N fin ASSUM, FD LOADING

L!QUID DURING LOAD_NG)I DENSITY

• ,.r. _FFECTS

ACTUAL SAFE .LANDINGS W_LL
BE MADE _N t60 TO i70 KT
RANGE EVEN iF 1.50 KT REQST
_S RETAINED

N'-"_NAL : 'wr_u r_Sp_NCREASE OF
ABOUT 2 SE.C

APPROX
REU _ToQN

I /_,2-t/2 SYG)

UP TO
20K

75K *

i

20 K *

_:0 _" CA_E IN. LOADING

N_O-_F C,-xR_ _N LOADING
OPERATIONS REQUIRED

*RECOM_'4ENDED CHANGE

TW-4
DO4590
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ORBITER MAiN ENGINE COMPA1RSON

z o
o_

0

_J

.--t

Z

8°I6o
_e
U.!

_ 4O-

6
20-

t.--

0-t.-,,

600
>o
LI.I

"I, 4OO

u 200
IM...

U

456

0

415 K (LCD) 265 K (VAC) J2S

O/F = 6 O/F = 5.5

68 63

1°07
428

t °23 1o5_

0---
I-,..- c_3
U-- ,.-J

i.-.:_

P__Z,

0

JTL-6

i304599(1)
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COMPARISON - ALUMINUM VS TITANIUM

This chart reflects the percentage of body weight that is considered structure and

does not include TPS, insulation, or internal tap_ks. The LMSC values are for the

-5B configuration. The values for the othe:_ contractors are as follows:

Grumman: MSC-038!4 - Final Report
Detailed Mass Properties Report,

Dated 6 July 1971

North American: MSC-03317 - Final Submittal
Detailed Mass Properties Report, -
Dated 25 June 1971

MAC/DAC MP-!0 - Mass Properties Status Report,

Dated 3 May 1971
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_ _ ALUMINUM VS TITANIUM: BASI_ BOD_ S_RUCTuR

,

s

/

100

Z

U

uJ

KF-7

DO 4586

I

4O

I

I
I

L
2O

LOCKHEED GRUMMAN DT_fi

AMERICAN

-'.45

_ ALUM] NUM

_UM

MDAC



SOURCES OF COST DATA FOR TiTANiUM S TRU C TU RES

PROD UCTION

RErCORD

BAS!S FOR DATA

ANAL'_ICAL

STUD!ES
SOURCE

APPROX o
_.o r-N_,_iLB (i ,)/Vc..:_E

117,0<)0 SM

N '-9000 MAC,. _N r.D

SST

L1011

96,664

!

10,000

v"

,/

DATA
Vi NTAGE

1964-5

i971

197]6600

DEVELOP
ST' _ _. UD_L.J

SM

]o9M MACHINED

DEVo FABo

25,000 LB TJ

v" ! 1971

J

C - 5A

]

J

SR-71

LOCKHEED
ADV. DEV. PROG (ADP)

SM = SHEETMETAL

CLASSIFIED

IN EXCESS OF
I00,000 LB
TOTAL USAGE

KF- 5

DO4573

24T



__-'- WEB - PART NO 9032a6-7

0

\

STAN DARD HOURS PER 100

0.3 LB 0,,45 LB

ALUMINUM HOURS 9.96 TITANIUM HOURS 33.66

KF-8

D04617

RATIO 1.00 : 3.38
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MANHOURS PER 100 PARTS

@

r.
@

Differences in fabrication costs of titanium and aluminum parts were studied

extensively during the SST Development Phase Ii-B Program performed at the

Lockheed-California Company. Over 500 parts were studied in detail to develop

data on cost complexity factors for titanium versus aluminum fabrication.

Other typical complexity factors for titanium versus aluminum struct_are are as

shown below.

Fab/Ass'_ Labor

Skin Fab W/O Forming

Simple Hot Form

Average Hot Form

Complex Hot Form

Machinery and Drilling

Assembly (Gauge _ 0. 060)

Assembly (Gauge 0. 060-0. 125)

Complexity Factor
Ti Alum

2.6 i.0

2.8 1.0

3.3 1.0

4.2 !.0

6.7 1.0

3.0 1.0

4.0 1.0
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MANHOURS PER 100 PARTS

ALUMINUM VS TITANIUM, PART NO. 903246-7, WEB
---._-L,__ •

j ALUMINUM ' TIkAN!UM
i_ SETUP FAB SETUP FAB

LAYOUT 0.07

SHEAR 0.06 0.02
BLA N K 0.90 0,30
BURR 0.03 1.00
IDENTIFY 0.12 0.10

INSPECT

FO RM 0.05 1.20
HAND FORM 0.10 3,80
INSPECT - -
A.A. 0.05__ 0.i3
H.T. 0.05 0.36
INSPECT CHECK & STRAIGHTEN_ 0.t0_ 2.30
INSPECT - -
tRtDtTE 0.03 0.17
INSPECT - -
PAINT 0.02__ 0.48
INSPECT - -
IDENTIFY 0.12 0.10

INSPECT - -
STOCK - -

TOTAL i .78 9.96

RECORD MATERIAL CONTROL NO.
LAYOUT 0.07 __

SHEAR 0.06 __
BLANK & PIERCE 0.90

BURR & GRIND EDGES 0.03
IDENTIFY- TAG i0%, PART &

CONTAINER NO. 0.!2
INSPECT
ALKAL N,_ CLEAN 0.05
APPLY ANTI-GALLING COMPOUND_ 0,05 __
PRE--FORM 0.05
INSPECT
ALKALINE CLEAN
PICKLE
APPLY SCALE DETERGENT
INSPECT
HOT SIZE (i400°F)
ALKALINE CLEAN

__.i\ s.._z

VAPOR HONE
MIKE PARTS, PICKLE, MIKE PARTS
CHECK AND STP,A!GHTEN
IN SPECT

PENETRANT INSPECT
ALK, AL[NE CLEAN*
INSPECT*

[DENT1FY-CHEM-ETCH*
INSPECT*
WRAP & IDENTIFY*

INSPECT *
STOCK

TOTAL

0.02
0.30
7:98

0.20

0.19
0.75
1.20

0.05 _ 0.19
0.05 _ 0.4i
0.05 _ 0.75

0.90 _13,58
0,05 _ 0.19
0.05 _ 0,41
0.02 _ 5,00

0.10 _ 1.50

0.t0 _ 0.19

0.12 _ 0.20

0.07 _ 0.40/
0.20

2.89 33.46
*WHITE GLOVES
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FUSELAGE STRUCTURE/TPS CONFIGURATIONS

Baseline Configuration (!) TPS concept is based upon use of external f_aselage frames

and metallic subpanels to which the bl-_5C0 insulator is bonded. Configurations 2

3, and 7 also employ external frames.

@ Configurations 4, 5, and 6 employ internal frames, and the insulator is bonded

directly to the primary shell structure.

Configurations 2 and 6 (least weight) use beryllium in the subpane!s or in the primary

skin/stringer structure.

o For the System 5B cost study, Configurations I, 4, and 5 (using LI-i500) were

adopted for comparison with Configurations 3 and 7 which employ a metsllic TPS.

Use of beryllium produces the lightest vehicle, but _full benefit of weight reductions

must consider resizing of the vehicle. Cost study, including resizing of the vehicle,

is in progress.
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'-_'_--___.,_- FU_ELAGESJRUC_U_BTP5 CONFInURAT_ONS,_

PRIMARY
S l .,,._,_.TUR_.

M,AT'L

TWO-STAGE LS 400-7 @ ___--_-_

' TPS TOTAL WEIGHT (LB)

:;uBPANEL

INSULATOR

Z

._J
<

D

Z

DESIGN
CONFIG.

3

4

5

L_

SUR-

FACE

U

U

Tl TANIUM

LI-1500 (i.67 IN.)

BERYLLIUM

L ILl-]500 (1.00 iN.)

U ITITAN!UM

L

U

U

L

U

COLUMBIUM

Li-1500 (o.5 IN.)

Li-1500 (2.25 iN.)

L1-1500 (0.5 iN.)

L1-1500 (I .67 IN.)

L1-1500 (0.5 IN.)

Lt-1500 r_,_, 60 IN.)

MAT'L

Ti

m

Be

PRIMARY
STRUCTURE

BOND
TEMP.

m

600

m

600

30O

300

PR_MARY

STRUCTURE

Be

Be

600

600

600

600

UNiT
WEIGU.,T
(LB,/FI _)

1.43

3.50

0.75

2.20

1.43

4.08

0.92

3.20

TPS

26,856

16,520

30,500

.22,600

1.12

2.70

1 o12

2.55

20,500

19,050

STRUCTURE
+

TPS

43,682

33,346

47,326

40,946

42,900

32,409

I.--

7
U

L

TITANIUM

COLUMBIUM

28,. 850 49,45,0
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AIRFRAME STRUCTURE/TPS WEIGHTS

SYSTEI_// 5B

o The System 5B Baseline Configuration wa,_ selected for the cost impact study,

where the differences in cost due to use of titanium versus aluminum are developed.

All aluminum and maximum titanium versions of the System 5B vehicle were estab-

lished, for purposes of this study, without resizing of the vehicle.

e Further analysis, including vehicle resizing, is in progress.
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A!RFRAME STRUCTUREITPS WE i GHTS

f_ I STG-156 IN.

1 _ .... _ f_l TPS STRUCTURE

:'::'_ DESIGN CONFIGURATION P eT_ 't "'_ _ _'J'_ : t SUB_O!ALi- -, o I v_'t_,_l -rpY,_,,M,,.& GR©UP GROUP i /_B) Tr-g rLB_
]] iTANKAGE l "' ' ' t' _i '.:-.. ,_ _ ,,
:_" T{:_:_:::.:-:-:-.-:,:_,_o_....,o...o....o°._....o....,>.,....-........ ......,

, o o %o %%%%o°. ,o° %% o, .o_1OoOo%%o.%%o,%%_. ". .... ._.",° -..o:.:_ _:o:.:.:-----'.-.'.',°.'o'o',':i i i ,,i:r_::::! _ _---_,_7:::::::::....""",,.....-,2,.,,._""-,-.-.,,_.....""*"...._'0.,,._0__ "--".....4""
t 2I 1--6"::+:':::::1 :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: z,_,42o 73,0!9.'-" _q :::::::::::::::::::::::::::::::: .-'-°.............. -.--r. ......... .-'.'.-.'.'.'., "a ' _

1
' 28 39_

t
' i !

_,-:°;& .°.......... .-.o.-.-o_:oo.-.o,,0.-.-.°_°o'.'.'o:o:.:.:_:o:.:-:.:.:,:&:.:-:°.:.,.-_-._
_,-°o'-',90o/ ° "." ",,°-"." ,',." ,_'_ .< ".':'- _-'-" .__ _'v_ ..o-o.l

• ,o-o%O. 'o%'.%'-ff_.. _--_ _-,., ...... o • _ _ • ,,.)._ l,j ..%1

,,,, ..... _,,o,_o_,,o,%% o ................... _ %°-°-

--- I ia,_.o 20,E_8

-!

! 2.3,800

] 8,830

7 G o,)p

71 2 ....• t tU_

SYSTEM 5B

!':i_mZ ALL ALUMINUM

'_i '

._ _ ! MAX !MUM
TITANIUM

ALL ALUMINUM
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BASELINE SCHEDULE CHARACTERISTICS

Current NASA TD baseline schedule and development planning guidelines for a phased interim

booster-development approach display elements of a relatively high-risk approach forced by

anticipated funding constraints. The interim approach inherently tends to produce two funding

peaks roughly opposite the reusable orbiter and reusable booster DDT&E cost peaks. Suppressing

these funding peaks tends to exaggerate uneconomic development and production phasing and

increase financial and technical risks of increased total program cost. Suppressing the first

"(7 _peak tends to de_,ay the orbiter first horizontal fliont against a fixed FMOF requirement and,

thereby, severely constrains flight test options, with a_sociated f!4ght test risk. The 16-month

flight test span currently available with t_vo vehicles provides 22 vehicle months, and requires

maintaining a minimum average of about !0 flights per month on each vehicle. There is high

exposure to certification delay with damage or loss to either of the t-_,_ovehicles, and elimination

of hypersonic single-element vertical-flight-test capability means lack of design verification

prior to FMOF in the entry environment. Introduction of an interim booster conf!gul a._1on

may require additional integrated stage man-rating flight test not provided for in the restricted

schedule spans. Suppressing the second peak forces early completion of orbiter production

with risk of increased costs to retro-fit engineering changes resulting from interim orbital

flight into production vehie1_s- and also forces a reusable booster-production gap that may widen

under the impact of development delays or continued funding presstu'e.
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DEVELOPMENT RiSK IMPACT

JTL-8

D04646

Technical and financial development risk impact, as measured by failu_reto ac_hieve a development

objective, is concentrated in the F-Y 76/FY 77 time period opposite the first funding peak. The degree

of commitment, implied in the orbiter development activitiesand milestones concen_ated in this period,

includes initialdeliveries of primary and secondary engines, a peak level of expensive subsystem-

qualification testing, finalassembly of the struc_es test vehicle (STV) and _511i-scalepropulsion-

development module hardware (PDM), completion and proving of major tools, and initiationof final

assembly of the firstflight-testvehicle (FTV-!). i?a$.lureto achieve significanttechnical objectives

in this dine period leads to remedial DDT&E costs that extend the mar@ower loading in all areas of

the program pen_, and potentially delays both interim and finalbooster development and production

activity. Concerns over the impact of such remedial costs leads to preventive DDT&E costs to

increase design assurance_ which, in turn, tend to front-load the manpower buildup and increase the

first-9omdingpeak. Finally, the incidence of these costs and associated delays may compromise

economical attainment of an early trafficbuildup followi_ introductionof the reusable booster. In

balancing risks and costs, both initialand deferred, one recommendation is to accept a predictable

and controllable increase in program buildup and firstpeak funding to accelerate C'DR and FHF mile-

stones, and, thereby, provide sufficient orbiter horizontal and vertical-flight-testexperience to fully

verify the design prior to FiV[OF. Beneficial effects anticipated from development and production

hardware phasing and insurance against preventive DDT&E cost elements minimize over-run potential

in total program cost to FMOF.
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